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STUDIES ON NORMAL AND DIABETIC PREGNANCY 
STELLING EN 
1. 
Aangezien vroeg in de zwangerschap optredende ontwikkelingsstoomissen zeer ver­
strekkende gevolgen kunnen hebben voor het nageslacht, verdient het aanbeveling om 
een psycho-motorische follow-up studie niet te beperken tot de eerste generatie nako­
melingen, maar uit te breiden tot de tweede generatie. 
2. 
With the introduction of insulin, the era of coma as the central problem of diabetes gave 
way to the era of complications. E.P. Joslin (1946). 
3. 
De blijvend verhoogde incidentie van structurele en functionele ontwikkelingsstoomis­
sen bij foetussen van vrouwen met diabetes van wie de bloedsuikerspiegel tijdens de 
zwangerschap goed gereguleerd was, toont aan dat een adequate diabetes-controle meer 
inhoudt dan een goede regulatie van de bloedsuikerspiegel alleen. 
4. 
Vibro-acoustische stimulatie met een electrolarynx ter bepaling van de foetale conditie 
verdient geen plaats in de modeme verloskunde. 
5. 
Op de vraag of het bij gelegenheid nuttigen van een alcohol-houdende consumptie tij­
dens de zwangerschap nadelig is voor de ontwikkeling van de foetus, moet waarschijn­
lijk bevestigend geantwoord warden. 
6. 
Ten gevolge van de onevenredig hoge kosten, verbonden aan het onderzoek gebaseerd 
op de expedities met de Willem Barents (1878-1879) en de Siboga (1899-1900), is in 
Nederland de ontwikkeling van zoologische disciplines als de experimentele embryolo­
gie en de vergelijkende fysiologie sterk vertraagd. E.J.H. Mulder (1984): De Nederlandse werktafel aan het Zoologisch Station te Napels. 
7. 
Hoogleraren zijn als popzangers: zij willen graag schitteren op de Biihne en slechts een 
enkele van hen stelt de leden van de band voor. 
8. 
De foetus is een heethoof d. 
9. 
Het toenemend gebruik van de PCB-vervanger Ugilec noopt tot wijziging van de men­
selijke soortnaam in Homo stupidus. 
10. 
Een fax maakt laks. 
11. 
Het tegenwoordig gebruik van de afkorting Q.E.D. door sommige computerprogram­
meurs in de betekenis van quick en dirty, staat in schril contrast tot de betekenis quod 
erat demonstrandum die vroeger alleen gebruikt mocht worden wanneer een resultaat 
verkregen was volgens de strenge regels der logica. 
12. 
Het is te hopen dat bet tot voor kort zwaarst bewaakte natuurreservaat ter wereld niet 
ten onder zal gaan als gevolg van de Duitse hereniging. 
13. 
Liever een laatbloeier dan een doodbloeier. 
14. 
Het dankwoord behorende bij een proef schrift wordt dikwijls niet in dank af genomen. 
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In this chapter, the following topics are discussed: developmental disorders, 
behavioural teratology, prenatal neurological development and maternal diabetes 
mellitus as a model for testing behavioural teratogenicity in man. 
Developmental disorders 
The first question new parents are likely to ask after delivery is, "Is our baby all 
right?". Secondary is the question, "A boy or a girl?" This universal fear of a mal­
formed or functionally disabled infant is fully understandable as pregnancy does not 
always end in the birth of a normal healthy infant. 
About 2% of newborns have minor or major structural malformations. It is most 
likely that these malformations are induced during the sensitive embryonic period of 
organogenesis, i.e. before the tenth week of pregnancy. 
Far less is known about the occurrence of functional anomalies, especially those 
related to the central nervous system (CNS). Neurological disorders are sometimes 
present in the absence of gross structural deficits. They may be recognizable imme­
diately after birth, or may emerge during subsequent development or may not 
become apparent until well after birth. There is evidence that many of these neuro­
logical disorders are induced during the prenatal period and are not related to the 
birth process per se [7,14,18]. Data from Sweden have shown that for many years, 
the decline in the incidence of severe neurological disorders kept pace with the 
decrease in perinatal deaths. However, during the past decennium, the latter have 
continued to fall, whereas the incidence of neurological disorders (cerebral palsy) 
has increased [ 11,12]. For the Netherlands, data on the incidence of handicaps are 
not available. The reasons for the increase in handicaps in Sweden are obscure, but 
there are several possible explanations. 
Notwithstanding their unequivocal benefits for the population in general, improve­
ments in medical care and technologies also carry certain counteractions, represent­
ed by a.o. excessive and unnecessary medical intervention. Secondly, microenviron­
mental pollution -medicinal drugs, (social) drugs, occupational exposure-, nutrition­
al deficiences and macroenvironmental pollution -usually industrial (waste) pro­
ducts, such as heavy metals, herbicides, dioxins, polychlorinated compounds- are a 
burden on the reproductive cycle [15]. 
As every individual lives in an external milieu, the ongoing poisoning involves not 
only risk for the pregnant woman, but also for her fetus and child and for his or her 
subsequent progeny. It is obvious that exposure to the wide-spread pollutants cannot 
easily be avoided, but better control is possible over the pollutants in one's direct 
environment. 
Among these factors, exposure to medicinal drugs probably involves the highest risk. 
At present, most patients and physicians are well aware that the use of medication 
during pregnancy might have adverse effects on the embryo and fetus. Drug 
prescription and consumption should ideally be nihilized during pregnancy, or mini­
mized if the benefits of drug therapy outweigh the possible risks. Antibiotics, anti­
hypertensive and antitocolytic drugs should only be used after very careful con­
sideration. However, the ideal of drug-avoidance behaviour cannot always be ful­
filled: fetal drug exposure may occur because the woman is unaware that she is 
pregnant, or because there is lack of knowledge that the drug might adversely affect 
the embryo and fetus. Moreover, in the case of some diseases, such as diabetes 
mellitus and epilepsy, drug therapy during pregnancy is unavoidable without endan­
gering the lives of the mother and fetus. 
Behavioural teratology 
We still do not know whether the aforementioned factors contribute to the possibly 
increased occurrence of developmental disorders. If certain environmental agents 
are involved, it is essential to identify them, as well as to examine the mechanism by 
which they exert their deleterious effect and the extent of their noxiousness. 
This brings us to the domain of teratology, the study of prenatally-induced develop­
mental disorders (both structural and functional) that are permanent and irreversible. 
This discipline deals with the recognition, detection and prevention of the causes of 
these disorders. Numerous human and animal (both in vivo arid in vitro) studies have 
demonstrated the existence of various teratogens [ 10,23]. It is only rather recently 
that attention has been turned towards substances that might cause functional 
deficits, including behavioural changes, following exposure during development in 
utero. With reference to these chemicals, Werboff and Gottlieb [33] were the first to 
speak of "behavioural teratology". 
So far, there is only evidence for three substances which may involve the risk of 
behavioural teratogenic effects in man: alcohol, methyl mercury and lead [34]. Some 
authors have claimed that certain drugs are behavioural teratogens; these include 
phenobarbital, opiates [34], diethylstilbestrol (DES) [8, 16] and the anti hypertensive 
drug, clonidine [ 13]. 
The study of the deleterious effect of drug use during development is very complex 
and we are soon confronted with methodological, technical and ethical difficulties. 
Although animal models may compensate for some of these problems, they do not 
yield conclusive evidence regarding the relevance of their results to the human 
situation. Thus, direct evidence obtained from man is the most reliable, especially 
that gained from observations during the prenatal period. However, the search for 
human behavioural teratogens which affect the development of the fetal CNS, is 
without precedent (in a way as described below), i.e. the existing studies on recog­
nized behavioural teratogens were confined to the postnatal period, where interac­
tions with the social environment may have interfered with the effects of drug ex­
posure before birth [34]. 
For behavioural teratogenicity testing to be successful in human prenatal life, 
requires: 
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1. a technique to visualize and a method to classify and quantify fetal behaviour; 
2. substantial data on appropriate control subjects, studied in an identical way; the 
normal variability and range of occurrence of fetal behaviour must be fully 
known; 
3. a longitudinal study during which fetal behaviour is analyzed at different stages 
during development, starting as early as possible; 
4. data from human epidemiological or case studies which suggest that the sub­
stance in question is a behavioural teratogen; 
5. solid evidence that the substance is likely to affect CNS development (structural 
and/or functional) and, if possible, has demonstrable effects on brain receptors 
and biochemistry (e.g. neurotransmitters). 
The ultimate goal of this type of research is to detect the effects of a particular 
substance (or its metabolites) on fetal behaviour and also to characterize these 
effects. Such studies have become possible since the introduction of dynamic 
imaging ultrasound. The technique has been designed to observe the fetus safely and 
directly in its natural environment and allows the accurate assessment of spontaneous 
human fetal behaviour under normal and abnormal circumstances. 
Prenatal neurological development 
Recent research has shown the normal repertoire of human fetal behaviour to com­
prise a set of distinct movement patterns. For each pattern, the age of first appear­
ance in early development has been established [30]. Reports have appeared on 
developmental trends in the occurrence of these different movements during the first 
20 weeks of pregnancy, as well as figures on the variability and range of occurrence 
and on the intervals at which they are generated by the CNS [3 1,32]. An overview of 
the distinct fetal movement patterns is presented in Fig. 1 ,  which also gives an idea 
of the frequency of these movements. 
During further development, the temporal patterning of several movements under­
goes change, resulting in rest-activity cycles, which finally develop into true behav­
ioural states (Fig. 2). The fetal states reflect a certain degree of maturity or integrity 
of the fetal brain and are homologous with those seen in the newborn infant [1 7]. The 
above-mentioned phenomena (see Visser and Prechtl for more details [28]) involve 
the most informative aspects of fetal CNS functioning at different stages of develop­
ment. 
Therefore studying fetal movements allows the assessment of the functional de­
velopment of the motor part of the CNS. Possible functional aberrations of the 
normal developmental course may be: altered output of motor activity in general -
reduction in the number of distinct movement patterns, the occurrence of movements 
which cannot be classified as one of the predefined patterns, extremely low or high 
occurrence rate, change of temporal patterning, change in the quality of motor per­
formance- or the dissociation of state parameters which results in poorly established 
behavioural states near term. 
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Fig. 1. Compiled actogram of a fetus aged 14 weeks during one hour of observation. 
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Abnormal movement patterns, indicative of altered brain and/or muscular develop­
ment, have been described in fetuses with chromosomal abnormalities [ 4], in anen­
cephalic fetuses [27] and in fetuses with other cerebral malformations [28], in 
growth retarded fetuses [ 1] and in fetuses suffering from prolonged oligohydramnios 
[24]. Common features in all these cases are the qualitative changes in the execution 
of the movement patterns: abrupt, forceful, with large amplitude in the majority of 
fetuses with a chromosomal or CNS defect; slow, monotonous and of small 
amplitude in the others. In the case of severe fetal growth retardation, there might 
also be a decrease in the quantity of movements; this appears to be related to the 
degree of oxygenation [2]. Abnormal development of behavioural states has been 
described in near-term growth retarded fetuses [2 1,29]. 
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Fig. 2. Example of a 3-hour recording of a healthy fetus at 38 weeks of gestation. It shows, 
from above downwards: (a) the fetal heart rate tracing (FHR) and the occurrence of general 
movements (GM) and eye movements (EM). Three periods of high heart rate variation 
(pattern B) were interrupted by two periods of low variation (pattern A); during the former 
both general movements and eye movements were present (coincidence 2F), but absent during 
pattern A (coincidence I F); (b) profiles of the three state variables and the resulting episodes 
of coincidence I F  and 2F; (c) the presence of behavioural states I F  and 2F (transitions < 3 
min; see Chapter 6 for more details). 
Diabetes mellitus as a model for testing behavioural teratogenicity in man 
The existing knowledge on the single components of total motor output and the 
stable association between a set of variables (behavioural states) forms the essential 
basis for any comparative study. Any substance displaying recognized or suspected 
evidence of CNS toxicity in humans, should be subjected to this method of testing 
behavioural teratogenicity. However, such a study is extensive and time-consuming, 
though feasible. This will be shown in Section I of this thesis, using maternal dia­
betes mellitus as an example. 
Diabetes is a complex metabolic and hormonal disease which brings about alter­
ations in many body substances. In the light of this knowledge, the whole "milieu" 
or assembly of substances in which the fetus is conceived and develops, has to be 
considered to be the teratogen, rather than the traditional teratologists' definition of 
a specific substance (or its metabolites) being the culprit. Consequently, the concept 
of behavioural teratology had to be extended to include the potential effects of quan­
titatively or qualitatively altered mixtures of substances on the brain during CNS 
development, as was advocated by Freinkel in 1980 [9]. 
What makes diabetes mellitus a good model for testing behavioural teratogenicity? 
In diabetic pregnancy, the fetal nervous system runs an increased risk of being 
malformed and its function has shown signs of impaired development, demonstrable 
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both before birth [6] and in the neonatal period [22]. The behaviour of otherwise 
healthy infants of diabetic mothers (IDMs) is markedly different from that of con­
trols in the first week after birth [35]. Moreover, reports on (psychological) follow­
up studies have mentioned low intellectual performance [5] and a moderate [25] or 
high [3,36] incidence of cerebral dysfunction in IDMs. 
Little is known about whether diabetes-related substances have any effect on fetal 
brain development. Insulin (of fetal origin), for instance, is not believed to promote 
brain growth [26]. However, evidence does exist that there are insulin-specific 
receptors in the brain and that these may be involved in neurotransmission and 
neuromodulation [20]. 
Therefore, it can be concluded that pregnancy in diabetic women is an appropriate 
model for testing behavioural teratogenicity, as it fulfills the requirements 4 and 5 
(see above). 
General outline of this thesis 
In Section I, aspects of fetal structural development and of the functional develop­
ment of the CNS in fetuses of women with insulin-dependent (type- I) diabetes were 
investigated in a longitudinal study. The study included measurements of early 
growth and behavioural observations, obtained during an interval ranging from the 
embryonic period to the postnatal age of one week. Specific questions are formu­
lated at the end of Chapter I . 
Although there is substantial knowledge on normal development, no investigation 
on abnormal development will proceed very far without the awareness that there are 
large variations in "normality". To examine the latter, several studies were under­
taken in normal near-term fetuses to extend this knowledge. We still need more and 
better insight into the organization of fetal behavioural states and input-output state 
relationships [ 19]. These studies are included in Section II. 
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SECTION I 




Structural and functional development 
in fetuses of women with diabetes mellitus 
Maternal type- I (insulin-dependent) diabetes is associated with several embryonic and 
fetal developmental disturbances. These include an increased incidence of structural 
malformations, early growth delay, late macrosomia and disturbances in the functional 
development of the placenta and of fetal organ systems, such as the liver, lungs and central 
nervous system (CNS). 
In this chapter, the literature on these aspects is reviewed. Special emphasis is laid on the 
functional development of the CNS and on the effects of glucose on individual fetal 
movement patterns. 
Fetal structural malformations 
Pregnancy in women with diabetes is often associated with structural developmental 
disorders of the central nervous system, cardiovascular system, urogenital tract and the 
skeleton. The rate of occurrence of these malformations is 6-1 2%, i.e. they are three to six 
times more frequent in infants of diabetic mothers than in those of nondiabetic mothers 
[6, 14,27-29,55,61 ,62,80,9 l ,97]. 
It has taken a long time for the awareness to grow that the better the metabolic control 
of the mother, the greater the chance of a normal baby. The relationship between good 
maternal blood glucose control (during the third trimester of pregnancy) and a decline in 
the incidence of structural malformations was initially shown by Karlsson and Kjellmer 
[42 ] .  Later studies emphasized the importance of establishing and maintaining (near) 
normal glucose profiles in diabetic women before conception, during organogenesis and 
for the entire duration of pregnancy [ 14,34,43,48,53 ,54,60,97, 11 4]. However, in a large 
prospective multicentre study, Mills et al. [56 ]  did not find a significant correlation 
between hypoglycaemic events, HbA le content or mean blood glucose levels in early 
pregnancy and the occurrence of malformations in the offspring of diabetic women. As 
the authors pointed out, only glycaemic factors were examined, which leaves open the 
possibility that other teratogens were involved [ 56 ]. 
Some specialized centres have reported a decrease to the normal base rate of mal­
formations I 17,27,28,32,95] by placing the diabetic women under tight metabolic control 
and close medical supervision before conception and thereafter. However, one should 
realize that many diabetic women are late-entry patients and/or visit a less well-equipped 
hospital; therefore they still face a high malformation rate. In addition, the results of the 
studies by Mills et al. [ 56] and others l 1 7 ]  have not been able to prove the existence of a 
clear cause-effect relationship between (near) normoglycaemia and the reduction in fetal 
malformations. 
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Early embryonic/fetal growth delay A novelty of the 1980s was the observation first made by Pedersen and Mfl}lsted­Pedersen [73,74] that many embryos and fetuses of type- I diabetic women are smaller than controls (as judged by the crown-rump length) between 7 and 14 weeks of pregnancy. This phenomenon, called early growth delay, has been found both in cross-sectional studies [74, 101 ]  and in a longitudinal study [ 107] . The most profound delay in embryonic and fetal size occurred in women with elevated HbAlc values during the early weeks of pregnancy [75] . In these cases, with poorly controlled maternal glucose levels, the incidence of malformations [27,28,53] and (possibly) of spontaneous abortion [41 ,58,59,99] was also high. It has been suggested that early embryonic growth delay might play a pivotal role in pre­disposing the fetus to malformations (and/or spontaneous abortion) on the one hand, or to macrosomia at birth on the other. For example, the highest incidence of malformations was found in fetuses showing the most profound delay in growth [74] , whereas the majority of fetuses showing only slight growth delay ultimately developed macrosomia [77] . Growth delay detected in early pregnancy has even been related to low intellectual performance at the age of 4 years [8]. To date, it is unknown whether a common mechanism underlies early growth delay and the other developmental aberrations, or whether it is possible that these phenomena and the metabolic status of the pregnant diabetic patient are merely coexistent without any cause-effect relationship. 
Macrosomia Macrosomia is usually defined on the basis of a birth weight which exceeds 4000 g [44] or the 90th or 97. 7th percentile corrected for age, parity and sex. However, the macro­somic newborn is not only heavy (due to organomegaly and fat deposition) but the excessive weight is also often accompanied by increased body length [63], i.e. it shows an increased overall size. In fact, the macrosomic infant has a different body con­figuration: the shoulder, chest and abdominal circumferences are larger than in infants of nondiabetic women, whereas the head circumference is usually the same [68]. The large size means that such an infant is prone to several complications, such as prolonged labour and delivery, asphyxia and injury to the nerves and skeleton (e.g. shoulder dystocia) [96] . The perinatal mortality rate for macrosomic babies is not very high (0.5%), but the morbidity rate is elevated [ 1 1 ,3 1 ] .  The development of macrosomia is generally believed to be  a third trimester phenome­non, as no signs of head-to-body disproportion are found prior to 30 to 32 weeks of pregnancy [ 1 1 ,68]. However, by measuring the circumference of the head (HC) and abdomen (AC) during pregnancy in a group of large-for-gestational age babies, Diamant and Gale [ 19] demonstrated the existence of two subgroups with markedly different intrauterine growth patterns. In one group, the parameters initially grew normally, but from 33 to 34 weeks the AC started to deviate and reached the 95th centile at 36 weeks. This resulted in a HC:AC ratio below the 5th centile in late gestation ("asymmetrical 
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growth acceleration"). In the other subgroup, symmetrical growth acceleration occurred; both parameters grew in the vicinity of the 95th centile from an early stage in pregnancy ( 16  to 20 weeks). Until term, the HC:AC ratio was within the normal range. Maternal hyperglycaemia has been indicated as the primary factor underlying the development of macrosomia. Pedersen's hypothesis [72] proposes that maternal hyper­glycaemia results in fetal hyperglycaemia which, in turn, causes fetal insulin hyper­secretion and fetal hyperinsulinaemia. It has been suggested that fetal hyperinsulinaemia is the stimulus which causes deviations in the normal fetal growth pattern [24,98 , 103]. Therefore, if maternal hyperglycaemia is related to macrosomia, one would expect the occurrence of macrosomic newborns to have decreased during the past decade, thanks to the wide-spread improvements in glucose control. Some earlier reports did indicate this [34,40, 1 1 1 ] .  However, it is clear from the current literature that fetal macrosomia is still more common (2-3 times) in diabetic than in normal pregnancy, despite tight maternal glucose control during the entire duration of pregnancy. No correlations were found between neonatal birth weight and the mean maternal blood glucose level, abnormal swings in glucose concentration or the glycosylated haemoglobin (HbAl )  content [3 ,5 , 1 8,42,45,86,90, 104, 106] . The most frequently mentioned incidence of macrosomia (birth weight > 90th percentile) is 25-30% [23,90, 106] , but may range between 0% [40] and about 50% [5 1 ,69] . This figure is not very different from the rate of macrosomia (32%) as calculated over the period 1956 to 1978 [4]. In the light of the foregoing, we can conclude that the hyperglycaemia-hyperinsulinaemia hypothesis falls short as the sole explanation for macrosomia. It has therefore been sug­gested that elevated concentrations of other nutrients, such as amino acids and trigly­cerides, may also stimulate the hypersecretion of insulin, even in the presence of normal glucose levels [ 19,26] . In addition, other authors have suggested that, apart from insulin, placental and/or other fetal hormones may also have growth-promoting potency. For example, prolactin, placental lactogen, chorionic gonadotropin and the insulin-like growth factors I and II (or somatomedins) have been mentioned [24, 103] . To date, how­ever, their effects and way of action are not fully understood. 
Delayed fetal functional development In pregnancies complicated by maternal type- I diabetes, a delay in the functional development of the placenta and various fetal organ systems has been described, although the literature is scant of reports. Evidence was found for delayed early placentation, as judged from placental lactogen concentrations [76] . Placental abnormalities seen after diabetic pregnancy generally represent immature characteristics of development; the degree of "immaturity" does not appear to be related to the degree of glucose control [46,47] . A delay in development of the fetal liver has been suggested on the basis of low alpha­fetoprotein levels in maternal serum in early pregnancy [57 , 109, 1 10] and on high levels in cord blood at delivery [ 1 5] .  The increased incidence of neonatal hyperbilirubinaemia has also been ascribed to the relative immaturity of the liver [ 100] . 
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Best documented is the delayed (biochemical) maturation of the fetal lung [ 10]. It in­
volves a delay in the production of surfactant and its constituents, such as phosphati­
dylcholine and phosphatidylglycerol. The deficiency of pulmonary surfactant may result 
in the respiratory distress syndrome. Fetal hyperglycaemia and hyperinsulinism are both 
involved in the processes that delay functional lung development in the fetus, as has been 
shown via in vivo and in vitro experiments [ 10]. 
Disturbances in the functional development of the CNS will be discussed in more detail 
below. 
Functional development of the fetus' central nervous sytem 
Among the spectrum of malformations in diabetic pregnancy, the fetal nervous system 
is often affected and the rate of occurrence of neural tube defects has been reported to be 
3 to 20 times that in the general population [55,57]. It may therefore be postulated that the 
functional development of the fetal CNS is also different during diabetic pregnancy, even 
when gross structural malformations are absent. 
Indicative of delayed cerebral maturation are the increased levels of alpha-melanocyte­
stimulating hormone (a-MSH) found in the cord blood of newborns of diabetic women 
[37]. The protein a-MSH is produced by the pars intermedia of the fetal pituitary which 
regresses with increasing age during normal third trimester development. The higher 
levels of a-MSH may therefore reflect a delay in the regression of the pars intermedia. 
Other evidence of delayed neurological development arises from behavioural studies 
performed on fetuses of diabetic women at the beginning and end of the third trimester of 
pregnancy [20,2 1,84,85]. In these studies, fetal movements were recorded mechanically 
by the use of two tocodynamometers. This method has the disadvantage that the total 
amount of activity is underestimated and that no information is obtained on which specific 
movement has been recorded. Between 28 and 36 weeks of gestation, developmental 
abnormalities were found in the generation and patterning of fetal movements. In com­
parison with normal fetuses, there was a twofold increase in the frequency of cyclic 
motility in fetuses of diabetic women which could be linked to maternal hyperglycaemia. 
At 38 weeks, however, cyclic motility had normalized and this persisted after birth 
[84,85]. Other studies on behavioural development conducted in normal and diabetic 
pregnancy, investigated active and quiet periods of fetal motility (based on body move­
ments and long-term heart rate variation). The doubling of the durations of these periods, 
which takes place between 28 and 40 weeks in normal fetuses, did not occur in the 
diabetic group. In the term diabetic group, a shorter duration of the rest-activity cycle was 
found, mainly resulting from shorter duration of the quiet periods [20,21]. These results 
imply less mature cerebral maturation in near-term fetuses of diabetic women. 
The observations made over 20 years ago by Schulte et al. [87-89], are in accordance 
with the former studies. They studied behavioural states in the newborn infants of diabetic 
mothers (IDMs) and found several immature characteristics of sleep (see Chapters 6 and 
7). Moreover, their EEG patterns resembled those of less mature normal infants, i.e. of 
36 weeks or younger. No correlation was found between the deviations of sleep cycles or 
EEG patterns and the neonatal blood glucose levels determined at various times between 
birth and the time of recording. However, the respiratory frequency during non-REM 
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sleep was positively correlated with the blood glucose level on the first day of life. The 
neurological condition was often judged as hyperexcitable. Others, investigating IDMs 
during the first week of life, also found marked differences in behaviour as compared with 
control infants. In IDMs, there was a higher incidence of neurological disorders, which 
correlated with hypoglycaemia and were mainly caused by hypotonia [79]. Furthermore, 
IDMs scored lower on the Brazelton scale on days 3, 5, and 7, comprising items on motor 
performance, sensory orientation and autonomic stability [ 115]. 
Controversy exists as to whether these newborn differences persist and influence their 
later development. For example, psychological follow-up studies have shown long-term 
affects on the development of ID Ms, reflected by low intellectual performance at the age 
of 4 years [8,13] and a moderate [94] or high incidence [7,116] of cerebral dysfunction. 
On the other hand, no impairment of the intellectual status of ID Ms was demonstrated at 
the age of 5 years [78], 7 years [ 16] or at other ages [35]. 
It should be noted that the existing literature is generally outdated, as it mainly concerns 
an era in which maternal glucose control was poor (e.g. the period from 1946 to 1966 
analyzed by Y ssing [ 1 16]). 
Effects of maternal blood glucose level on fetal movement and heart rate patterns 
A possible relationship between maternal glucose levels and the occurrence of individu­
al motor patterns has been studied for fetal body movements and breathing movements 
only. The effects of glucose on fetal heart rate have also been investigated. These studies 
are summarized below. The data relate to normal pregnancies and to pregnancies of 
diabetic women. 
Fetal body movements 
There is controversy with respect to the fetal response to alterations in maternal glucose 
levels which occur during normal pregnancy. The majority of reports state that increased 
maternal glucose levels, either naturally (meals) or induced by oral or intravenous glucose 
load, do not influence the incidence of fetal body movements [9, 12,49,65,66,7 1,8 1, 105]. 
However, some authors found an increase in fetal body movements after an oral [2,52] or 
intravenous glucose bolus [2,30], whereas others found decreased body activity after 
meals [82] or during the first hour of a 3-hour period of glucose infusion resulting in 
sustained mild maternal hyperglycaemia (about 7 mmol/L achieved by clamping) [22]. 
In two studies performed on diabetic pregnancy, no change in the incidence of fetal 
body movements was found in relation to maternal glucose concentrations [83,112]. The 
study by Holden et al. [38] carried out on near-term fetuses of well-controlled diabetic 
women is of interest. Using the glucose clamp technique, they showed that there was no 
difference in the occurrence of body movements and associated FHR accelerations 
between periods of maternal normoglycaemia (3.3-7 .8 mmol/L) and periods of hypergly­
caemia (> 7.8 mmol/L). In contrast, under conditions of hypoglycaemia (< 3.3 mmol/L) 
a significant increase in body movements (associated with FHR accelerations) was 
observed. However, it has also been reported that the incidence of body movements was 
unaffected during maternal hypoglycaemia [93]. 
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Feta/ breathing movements Numerous studies on normal pregnancy have demonstrated that raising the maternal blood glucose level 1 .5-3 times (naturally or induced) results in an increased incidence of breathing movements [ 1 ,9,25 ,33 ,36,49,64,67,70, 108]. This effect of hyperglycaemia can be seen from 20 weeks of gestation onwards [ 108] , but probably originates at an earlier stage ( 16  weeks; unpublished data) . Hyperglycaemia does not change the generation pattern of breathing movements in normal pregnancy [ l ] .  It is unknown whether hypo­glycaemia affects the occurrence of breathing movements. The effect of hyperglycaemia on fetal breathing movements has also been studied in diabetic pregnancies, but with conflicting results [83, 1 1 2] .  Roberts et al. [83] saw a sig­nificantly increased breathing incidence after breakfast and lunch, whereas in the study by Wladimiroff and Roodenburg [ 1 12] significantly less breathing movements occurred im­mediately after lunch and dinner than in controls. After breakfast, the incidence of breathing was similar in the diabetic and control group. No correlation with maternal glucose concentration was found. To the author's knowledge, no reports have appeared on the effects of induced hyper­glycaemia or hypoglycaemia on fetal breathing movements in diabetic pregnancy. More­over, the pattern of breathing movements has not yet been studied. 
Feta/ heart rate pattern Fetal body movements are closely associated with fetal heart rate (FHR) accelerations in the third trimester of normal pregnancy [ 102, 1 13] .  Few reports are available in diabetic pregnancy. Sorokin et al. [92] compared the amplitude and duration of FHR accelerations monitored at 36 to 38 weeks in diabetic and normal pregnancies and found no significant differences. The aforementioned study by Holden et al. [38] also indicated that neither diabetes per se, nor alterations in the maternal glucose level seem to disrupt the asso­ciation between fetal body movements and FHR accelerations. Whether these factors influence fetal heart rate or its baseline variability, is for the greater part unknown. The induction of hypoglycaemia in diabetic women during the last trimester of pregnancy resulted in a transient decrease in FHR variation, while FHR remained unaltered [93] .  In two case reports, FHR changes (tachycardia with late decelerations) were described, which occurred during diabetic ketoacidosis under hyperglycaemic (> 20 mmol/L) con­ditions. The administration of insulin to the mother immediately abolished the late decelerations, but the raised FHR persisted for a long time [39,50] . 
Conclusions The data reviewed in this chapter indicate that type- 1 diabetes is associated with several embryonic and fetal developmental disorders. Some appear to be related to the quality of glucose control, while for others, such a relationship is less clear. The results suggesting delayed or disturbed functional development of the CNS have for the greater part been obtained in cross-sectional studies, most of which date back to the time when the maintenance of good glucose control during pregnancy was still difficult. 
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Nowadays, intensified conventional insulin therapy and treatment by continuous 
subcutaneous insulin infusion (CSII) in combination with blood glucose self-monitoring, 
have been shown to be an efficient way of achieving and maintaining tight glucose 
control. The recent introduction of a save and effective technique for visualizing the fetus 
in utero, has made it possible to perform longitudinal studies on both the structural 
development and the development of functional aspects of the central nervous system. 
Aims of the present study 
Taking into account the requirements of behavioural teratogenicity testing as formu­
lated in the introductory chapter, we decided to study fetal growth and functional develop­
ment in diabetic pregnancy. The questions addressed all relate to metabolically more or 
less well-controlled pregnancies in women with diabetes. They are: 
1 .  Is there a delay in early structural embryonic and fetal development and if so, is this 
related to maternal glucose control and/or to later fetal structural and/or functional 
development (Chapter 3)? 
2. Is there a delay in early functional development of the embryonic and fetal nervous 
system and if so, is this specific or related to early growth delay; if there is delayed 
functional development, does this only concern the emergence of fetal movements or 
also the generating mechanism of the distinct movement patterns (Chapters 4 and 5)? 
3. Do disturbances occur in the development of fetal behavioural states during the third 
trimester of pregnancy and the newborn period (Chapters 6 and 7)? 
In addition to these questions and studies, in vitro experiments were performed in­
volving the culture of whole rat embryos on human serum. Experimental animal studies 
(both in vivo and in vitro) have shown several diabetes-related developmental disorders. 
In the majority of these experiments, however, excessive amounts of substrate (e.g. for 
glucose up to tenfold the normal level) were used and the resulting "homeostasis" cannot 
be compared to that of well-controlled pregnant women with type-I diabetes. 
Our study is described in detail in Chapter 2. The questions addressed were: Is the 
development of embryonic rats affected in a different way when they are cultured in 
serum of patients with type-I diabetes as compared with their development in control 
sera? Can the possibly teratogenic agent(s), and the (growth) factors and mechanism 
underlying diabetic embryopathy, be identified in human diabetic serum? 
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Whole rat embryo culture in 
serum of insulin-dependent (type-1) 
diabetic women 
Pregnancies in women with type- I diabetes are associated with an increased risk 
of developmental disorders. Despite extensive research, the toxicological mecha­
nisms and pathogenesis of these disorders are far from explained. The whole rat 
embryo culture system was used to study the pathogenesis of malformations induced 
by culture in sera from diabetic women. In undiluted control sera, rat embryos with 
4-8 initial somites developed well. During 26 hr of culture, on average 13 somites 
were formed per embryo, corresponding to the normal in vivo development. Only 
3 out of 59 embryos had a significantly lower morphological score than did controls 
after culture. In the diabetic group no increased incidence of malformations was 
found, and development tended to be better than in control sera. Embryos cultured 
in sera derived from conventionally treated patients had a higher morphological 
score after culture than did embryos cultured in sera derived from women treated 
with an insulin pump. The sera of diabetic patients contained on average a fivefold 
higher insulin concentration than did control sera. However, addition of 300 mU/ 
litre insulin to sera that contained on average 30 mU/litre did not improve the de­
velopment of cultured embryos. The absence of malformations after culture in sera 
of diabetic women may relate to the fact that their blood glucose control was on 
average reasonably good. 
Introduction 
Pregnancies in women with type- I diabetes are associated with an increased risk 
of congenital malformations, embryonic growth delay during the first trimester and 
fetal macrosomia later during pregnancy [ 18]. The induction of the malformations, 
involving, among others, the cardiovascular system, the central nervous system and 
the skeleton, occurs during organogenesis, between the third and sixth gestational 
weeks [23]. Both in cross-sectional studies [24,33] and in a longitudinal study [35] 
the embryos and fetuses of type- I diabetic women were found to be smaller than 
controls (as judged by the crown-rump length) between 7 and 15 weeks of gestation. 
Considerable growth delay occurs especially in women with elevated values of 
glycosylated haemoglobin (HbAlc) during the early weeks of pregnancy [25]. In 
these cases, with poorly controlled blood glucose levels, the incidence of malforma­
tions is also high [13,22]. Pedersen [26] has pointed out that early embryonic growth 
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may play a pivotal role in predisposing the fetus to malformations on the one hand, 
or to macrosomia at birth on the other. For example, the highest incidence of anoma­
lies was found in fetuses showing the most profound delay in growth [24] , whereas 
the majority of fetuses showing moderate or hardly any growth del ay eventually 
developed macrosomia [26] . In pregnancies of diabetic women who are strictly con­
trolled by means of continuous subcutaneous insulin infusion (CSII), moderate early 
embryonic growth retardation and fetal macrosomia are stil l  present [2,34] . 
The persi stence of fetal developmental disorders despite meticulous diabetic con­
trol, and the associated obstetric and neonatal risks, emphasize the importance of 
renewed attempts to elucidate the underlying tox icological mechanisms.  In thi s  
respect, the use  of  a rodent model seems justified, as  in numerous in  v ivo [ 1 0- 1 2] 
and in vitro studies [6,8 ,28 ,29] , the concomitant occurrence of early growth retar­
dation and fetal malformations in these species has been reported. These studies 
have hitherto mainly emphasized the role of factors possibly related to poorly con­
trolled diabetes, for example, hyperglycaemia, ketone bodies and insul in .  Recently, 
however, the effects of hypoglycaemic periods have also been studied in vitro [ 1 ,3 1 ] ,  
prompted by the fact that the new insulin therapy technique CSII bears a h igher risk 
of inducing low glucose l evels than the intensifi ed conventional insul in therapy 
(ICIT) . 
In order to analyse the pathogenesis of diabetes-related developmental disorders , 
we have also employed the in v i tro whole rat embryo culture system, using undiluted 
human serum as culture medium . Th is method enabled us to study the toxicity of 
compounds and their metabol ites in human blood . Embryos were cultured within 
their intact v isceral yolk sac during the early phase of organogenesis .  Trophoblast 
and parietal yolk sac were removed before initi ation of culture, thus excluding 
effects of serum components mediated by these compartments . 
Materials and Methods 
Source and preparation of sera 
Forty (pregnant and non-pregnant) insul in-dependent (type- I )  diabetic women 
participated in this study, after giving their  informed consent. The women were 
treated either by ICIT or by CSII .  Both treatments were accompani'ed by blood 
glucose self-monitoring. Al l  women frequented the diabetological outpatient cl inic 
for routine examination, where the levels of glucose and HbA 1 c were determined at 
regular intervals. The concentration of HbA 1 c is general ly used as a measure of the 
quality of glucose control over the preceding 4-6 weeks .  Apart from insulin, no other 
medication was prescribed. 
A venous b lood sample of c .  60 ml was drawn from each diabetic woman and from 
each of 1 7  non-pregnant control s  between 9 and 1 2  a .m.  All samples were handled 
as follows. 
a) Part of the blood was used for a set of standard chemical determinations , inc lud­
ing glucose, insul in,  HbA l c , fol ic  acid, vitamin B 1 2, minerals and ions (Na,K,Ca, 
Fe,Cl ,PO4) ,  l iver function enzymes, products of fat metabolism (cholesterol, tri-
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glycerides), protein metabolism (ureum, total protein, albumin) and blood parame­
ters such as haematocrit and haemoglobin. Determinations were performed at the 
University Hospital at Groningen, The Netherlands. 
b) The major part of the blood was used for preparation of culture media under 
sterile conditions. The preparation included centrifugation at 3000 rpm for 5 min 
immediately after withdrawal; removal of the fibrin clot; second centrifugation at 
3000 rpm for 3 min, yielding clear serum; heat inactivation at 56 °C for 30 min; sup­
plementation with penicillin (50 U/ml) and streptomycin (50 µg/ml); and storage at 
-20 °C until the time of use. Serum batches were kept in aliquots of 15 ml under 
code. Two investigators not involved in culturing selected 12  sera from diabetic 
women and 12 control sera to be used in culture. Only sera with a glucose level 
> 3 mmol/litre were included. The selection was based on four variables: the serum 
levels of glucose and HbA 1 c, the therapy applied (conventional or insulin pump) and 
the presence or absence of pregnancy (Table I). The normal values of the first two TABLE I .  Categorization of nonnal and diabetic sera used in whole rat embryo culture Group Glucose HbA l c  Therapy Pregnant level level C Nonna! Nonnal Nonnal Nonnal ICIT CSI I  2 Nonnal High ICIT CSII 
3 High Nonna! ICIT CSII 
4 High High ICIT CSII 
5 Nonnal Nonnal ICIT + CSII + 
6 High Nonna! CSII + CSII + C = control group: 1 -6 = diabetic groups. ICIT = intensified conventional insul in therapy; CSII  = continuous subcutaneous insulin infusion. Nonna! ranges for glucose and HbA I c are 2.5-7 mmol/ l itre and 6-8.5 %, respectively. 
variables are 2.5-7 .0 mmol/litre and 6.0-8.5%,  respectively. On the basis of these 
ranges, the serum levels were classified as normal or high. This resulted in six dia­
betic study groups each consisting of two sera. This categorization yielded 11 dis­
tinct and mutual ly exclusive combinations of the variables, allowing analysis of the 
effects of each of the variables separately. 
Age ranges were 22-48 yr for control persons and 17-78 yr for the diabetic group. 
According to the classification of White ( 1978), the patients belonged to Class 8 
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TABLE II. 
Clinical data for the four pregnancies in diabetic women (listed in Table I) donating sera used in 
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(n=2), C (n=5) or D (n=5). Clinical data on the pregnancies of women with type-I 
diabetes are summarized in Table II. 
Embryo culture 
Selection of embryos 
Female SPF-derived Riv:TOX rats, exposed to a 12-hr light/dark cycle, were 
mated at 9 a.m. (= day O of pregnancy). If pregnant they were killed on day 10, and 
the embryos were removed from the uterine horns and prepared for whole embryo 
culture as described by Lindhout et al. [21]. For each embryo the number of somites 
was determined and embryos with 4-8 somites with an intact visceral yolk sac were 
cultured. 
Culture of embryos 
Litter mates with similar somite numbers were randomly distributed between cul­
ture bottles with undiluted patient or control serum. In each serum 3-5 embryos were 
cultured, with one embryo in 2 ml serum/bottle. At initiation of culture the bottles 
were gassed with 5% oxygen, 5% carbon dioxide and 90% nitrogen, which was 
replaced with 20% oxygen, 5% carbon dioxide and 75% nitrogen at 4 and 21 hr of 
culture. They were rotated on a wheel (30 rpm) in an incubator at 37 °C. A micro­
scope within the incubator permitted regular observation of the embryos. During 
culture not only aspects of morphological development (growth, axial rotation and 
brain development), but also aspects of functional development such as yolk sac 
blood circulation and heart rate were documented. 
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Scoring of embryos 
After 26 hr, culture was terminated and yolk sac diameters and somite numbers 
were determined. Development was scored using the morphological scoring system 
of Brown and Fabro [ 4]. Briefly, each embryo received 0-5 points for each of 
17 morphological items, depending on their state of development, and the total 
morphological score (TMS) was the sum of all scores per embryo. 
Results 
Development of rat embryos in human serum 
Twelve normal human sera were used for culture of rat embryos. In each serum 
five (in one instance four) embryo cultures were performed. During culture the 
embryos gained 13.1 ± 0.9 (mean ± SD) soniites, which implies the formation of one 
somite every two hours (Fig. 1). This increase occurred irrespective of the initial 
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/ Fig. 1 .  Mean final number of somites v. initial number of somites of rat embryos cultured in human control (nondiabetic) sera. The l ine was calculated by l inear regression analysis ;  n in parenthesis. Bars represent ± SD. 
somite number. The embryonic heart rate increased rapidly with increasing somite 
numbers (Fig. 2). The TMS [ 4] after 26 hr of culture also increased with the initial 
somite numbers (Fig. 3). No gross malformations were observed in this group, 
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Fig. 2. Mean heart frequency (beats/min) v. number of somites in rat embryos cultured in 
human control (nondiabetic) sera. Somite numbers and heart frequency were determined at the 
start of culture. Heart frequency was further determined at 2, 4, and 21 hr of culture and 
plotted assuming development of one somite every 2 hr. n in parenthesis. Bars represent ± SD. 
some instances with small blood clots near yolk sac vessels, and in one instance with 
caudal haemorrhage. For some parameters development appeared behind the normal 
schedule in a small minority of embryos (Table III). Five embryos had turned incom-
TABLE III. 
Abnormalities observed in whole rat embryos after 26 hr of culture in control and diabetic sera 
Control Diabetic 
Abnormality sera sera 
Low haemoglobin content in blood 20 23 
Local stasis of blood in yolk sac 10 9 
Caudal haemorrhage 1 
Not fused allantois 0 1 
Incomplete flexion 5 4 
Not fused cranial neural walls 4 1 
Irregular dorsal midline of neural tube 4 0 
(Total number of embryos) (59) (56) 
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Fig. 3.  Mean TMS v. initial somite numbers of rat embryos cultured in human control (non­
diabetic) sera. The line was calculated by linear regression analysis; n in parenthesis. Bars 
represent ± SD. 
pletely, four had non-fused cran ial neural walls and four displayed a wavy neural 
midline.  These minor variations of the normal s ituation are l isted as abnormalities in  
Table III .  Taken together, three out of  59 embryos had a TMS lower than the mean 
TMS minus twice the standard deviation. 
Sera from women with type-I diabetes 
The sera of women with diabetes contained s ignificantly higher levels of glucose, 
HbA l c  and insulin than did those of the control group (Table IV). The haemoglobin 
content was lower, although still within the normal clinical range (> 1 1 0 g/li tre) .  
Other blood parameters were generally within the normal physiological ranges and 
protein  and fat metabolism appeared normal. 
Development of rat embryos in sera of diabetic women 
With each of the twelve sera derived from diabetic women, five ( in two instances 
four and in one instance three) embryo cultures were carried out. The mean TMS ob­
tained by embryos in these cultures was higher in each group than the mean control 
TMS (Fig. 4), although no significant differences were found using covariance anal­
ysis. S imilarly, no sign ificant differences were found when each i tem contributing to 
3 1  
TABLE IV. 
Concentrations of glucose, HbAl c, insulin and haemoglobin in control and diabetic sera 
Glucose HbAl c  Total insulin Haemoglobin 
(mmol/litre) (%) (mU/litre) (g/litre) 
Control sera (n= 12) 
Median 4.0 5.8 20 144 ** 
Ql-Q3 3.4 - 4.5 5.4 - 6.0 12 - 30 127 - 153 
Range 3.0 - 5.1 5.2 - 6.3 8 - 63 117 - 157 
Diabetic sera (n=12) 
Median 8.1 * 7.6 * 98 * 129 
Ql -Q3 5.6 - 12.2 6.9 - 10.2 35 - 270 120 - 138 
Range 3.5 - 15.0 6.2 - 12.4 22 - 500 115 - 143 
Q l -Q3 = interquartile range; 
* p< 0.001; one-tailed, Mann-Whitney U-test; ** p< 0.05 ; two-tailed, Mann-Whitney U-test 
ti) 
� 3 (10) I-
0 (10) (10) (9) (9) 











"O - 3  
2 3 5 6 
d iabet ic group  
Fig. 4. Mean TMS of rat embryos after culture i n  sera of diabetic women, plotted as difference 
from mean control TMS, for six diabetic groups as defined in Table I. n in parenthesis. Bars 
represent ± SD. 
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the TMS was considered separately (not shown). The 56 embryos cultured in sera of 
diabetic women did not display specific abnormalities that were not seen in the con­
trol group (Table III). It should be noted that also in these sera the blood colour in 
cultured embryos was frequently relatively pale, often coinciding with the appear­
ance of small blood clots near yolk sac vessels. 
Effect of insulin concentration on rat embryo development in culture 
Embryos cultured in sera from conventionally treated women obtained higher (p = 
0.059, covariance analysis) TMS than embryos cultured in sera from pump-treated 
women (Fig. 5). In addition, serum from conventionally treated women on average 
contained 270 mU/litre insulin, whereas serum from pump-treated women and con-
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Fig. 5 .  Mean TMS of rat embryos after culture in sera of diabetic women, plotted as difference 
from mean control TMS, for twelve diabetic sera as defined in Table I. Shaded blocks = sera 
from conventionally treated patients; open blocks = sera from pump-treated patients. n in 
parenthesis. Bars represent ± SD. 
trol sera contained on average 84 and 23 mU/litre, respectively. We hypothesized 
that high insulin concentrations might have a development-promoting effect, and 
studied this using sera from one control person and three women treated with CSII. 
One of the diabetic women was pregnant at blood withdrawal ( 10 wk postmenstrual 
age) and gave birth to an appropriate-for-dates infant at term. The sera had normal 
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glucose and HbA le levels. Of each serum, four 2-ml aliquots were used, two of 
which were supplemented with exogenous insulin (porcine monocomponent) dis­
solved in 75 µl Hank's balanced salt solution. The original insulin content of these 
sera, ranging from 24 to 40 mU/litre, was artificially raised with an equivalent of 
300 mU/litre. The two other aliquots received only 75 µl Hank's solution and served 
as controls. In each serum two embryos were cultured after insulin supplementation 
and two after addition of a salt solution. Development appeared comparable and not 
statistically significantly different between both groups; the TMS of controls aver­
aged - 1.5 ± 2.8 (mean ± SD, n=8) and that of embryos grown in insulin-supplement­
ed serum -0.9 ± 1.5 (mean ± SD, n=8),  as compared with the mean control score 
determined in Fig. 1, corrected for initial somite numbers. No gross malformations 
were observed. Abnormalities found in these embryos are listed in Table V, and are 
similar to those found in the initial experiments (Table III). 
TABLE V. 
Abnormalities observed in whole rat embryos after 26 hr culture in sera with or without insulin 
supplementation 
Abnormalities 
Local stasis of blood in yolk sac 
Caudal haemorrhage 
Incomplete flexion 
Not fused cranial neural walls 
(Total number of embryos) 
Discussion 
2 0 0 
(8) 
Insulin supplement + 2 0 I 
(8) 
This study has shown that human serum can be successfully employed in whole rat 
embryo culture. Earlier studies indicated that human serum is less suitable than rat 
serum for rodent embryo culture in vitro [6,7,27,32]. The success of such cultures 
appears to be critically dependent on two conditions. First, the glucose concentration 
must exceed 4 mmol/litre [5,21  ]. In this study the glucose concentration was 
between 3.0 and 4.0 mmol/litre in six of the twelve control sera. This may explain 
the tendency for the largest embryos (8 initial somites) to gain less somites during 
culture than the smaller embryos (Fig. I ). Secondly, rat embryos should have at least 
four somites at onset of culture. Younger headfold-stage embryos have given more 
variable results [7]. One remaining source of variation in rat embryos cultured in 
human serum is the pale colour of the blood, suggesting a low haemoglobin content. 
This condition, of which the aetiology remains obscure, was not associated with 
malformations, although sometimes small blood clots near yolk sac vessels were 
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concomitantly observed. From Figs. 1-3 it is evident that development in control 
sera is generally without complications and reproducible. In some embryos, a delay 
in cranial neural tube closure was observed, which is not considered an irreversible 
defect. 
Rat embryo culture in sera of diabetic women with elevated glucose, HbAlc  and 
insulin levels did not result in growth delay or specific malformations. On the 
contrary, the mean TMS of these embryos tended to be higher than the control group 
level (Fig. 4). This effect was more pronounced if sera from conventionally treated 
patients were considered separately (Fig. 5), coinciding with high insulin levels in 
the latter group. However, addition of insulin to control sera did not stimulate 
development above the control range. Therefore, a promoting effect of high insulin 
concentration could not be proved. Similarly, Akazawa et al. [ 1] and Sadler and 
Horton [30] did not find effects of insulin supplementation in in vitro rat and mouse 
embryo culture, respectively. 
There is a growing body of data on embryo culture and diabetes. Deuchar [9] noted 
a beneficial effect of diabetic rat serum on embryo development in culture, whereas 
Sadler [28] found growth-inhibitory and teratogenic effects of such serum on mouse 
embryo development in culture. Furthermore, the effects of a number of diabetes­
related factors have been studied, such as hyperglycaemia [3,8,15,29], hypoglycae­
mia [ 1,6, 16,3 1] and the ketone body B-hydroxybutyrate [ 17 ,20]. Most studies report 
adverse effects on growth and differentiation. The fact that in this study no mal­
formations or growth retardation were found may be related to the mild hypoglycae­
mia or hyperglycemia in the sera used. Brolin et al. [3] found glucose-related 
malformations in cultured rat embryos only after adding glucose at a concentration 
exceeding 16.5 mmol/ litre. This value was never reached in this study (Table IV). 
Furthermore, the occurrence of ketone bodies is very rare in our population. 
Methodological differences may also play a role in this respect. Variables include 
serum percentage in culture, period and duration of culture, number of embryos per 
culture and the species used. We cultured embryos with 4-8 somites for 26 hr, thus 
selecting the most sensitive period of embryogenesis with respect to neural tube 
closure, embryo turning and organogenesis. Culturing for longer periods of time 
generally does not reveal any further malformations other than those detected after 
26 hr of culture. Furthermore, development in culture progressively lags behind in 
vivo development when culturing for more than 26 hr. It should be noted that the 
condition of serum batches of diabetic patients may vary considerably with their 
status at the time of sampling. The time interval between the last "hyper" or "hypo" 
and sampling and also the moment in pregnancy (Table II) may prove important 
variables in this respect. 
In many pregnancies of type- I diabetic women, even if well controlled, early 
growth delay, malformations and macrosomia have been found [2,24,34]. Diabetes­
related growth delay in early embryogenesis is found in vivo in the rat before day 
11.5 of gestation [ 12]. In contrast, the present in vitro study did not reveal diabetes­
induced growth retardation in early embryogenesis. When one realizes that in this 
culture system embryos develop in the absence of trophoblast and parietal yolk sac, 
it is tempting to speculate that these compartments may mediate the growth-inhibi-
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tory effect of diabetes. In pregnant diabetic women, abnormal cytotrophoblast and 
syncytiotrophoblast development occurs even if diabetes is well controlled by CSII 
[ 19]. Although diabetes-related early growth delay as observed in man [24,35] also 
occurs in vivo in the rat, macrosomia in the later stages of development as observed 
in man is exceptional in the rat [ 10,12]. This difference may similarly be explained 
by a difference in fetal membranes. The human embryo lies outside the yolk sac, 
whereas the rat embryo is surrounded by the yolk sac [ 14], which implies a possible 
difference in uptake of substances by the human and the rat fetus. 
After collection of the present data, it came to our notice that one woman who had 
donated a control serum had one child with a club foot and a second child with a 
congenital heart defect. It is interesting that two of the three embryos with develop­
mental retardation in the control group had been cultured in serum from this woman. 
Although possibly coincidental, this finding illustrates the usefulness of the whole 
rat embryo culture system in studies of the teratogenicity of human serum batches. 
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Chapter 3 
Growth and motor development 
in fetuses of women with type-1 diabetes. 
I. Early growth patterns 
Summary Early embryonic and fetal growth were fol lowed longitudinal ly in 23 women with type- I diabetes to investigate whether there was any evidence of early growth delay and, if so, when i t  originated and when catch-up growth occurred .  Weekly crown­rump length (CRL) measurements were taken between 7 and 14 weeks of gestation; the biparietal diameter (BPD) of the fetal head was measured once every two to four weeks from 1 3  to 30  weeks of gestation . Data were compared to those of a control group and to control data publ ished in the l i terature . The CRL of the fetuses in the diabetic group was general ly shorter than that observed normal ly. S ix  out of the 23 (26%) fetuses showed true early growth delay (a s ize smaller than normal by 6 days or more) .  Growth delay was present from the first recording onwards and must therefore have occurred before the seventh gestational week. Fetal growth (BPD) was found to be normal at around 20 weeks and there was ev idence of accelerated growth of the B PD during the second trimester in  fetuses that became macrosomic .  Early embryon ic growth delay was most pro­found in  the women whose periconceptional qual i ty of glucose control was poor, although the re lationship wi th the HbA I c values was not stati stical ly s ignificant. It i s  concluded that fetuses of women with type- I diabetes, as a group, have a s ig­nificantly d ifferent growth pattern than control fetuses throughout the first 30 weeks of pregnancy. 
Introduction In a cross-sectional study, Pedersen and M¢l sted-Pedersen [20] found a delay in embryonic and fetal growth during the first trimester of pregnancy in women with type- I diabetes. The data were obtained by measuring the crown-rump length (CRL) between 7 and 14 weeks postmenstrual age (PMA). The most profound delay in  fetal s ize was found in cases w ith poor control of maternal diabetes ,  as j udged by a h igh glycosylated haemoglobin value (HbA 1 c)  [23 ] . However, other researchers could not confirm th i s  so-cal led phenomenon of early growth delay [5 , 3  l ] .  We conducted a study i n  which the fetuses of women with type- I d iabetes were fol lowed longitudinal ly from 7 to 30 weeks of pregnancy in order to investigate whether: 39 
I .  there was any evidence of growth delay in early diabetic pregnancy; 
2. this delay, if present, originated after 7 weeks of pregnancy or whether it should 
be considered as a developmental disorder occurring before this age; 
3. growth delay during early diabetic pregnancy is a stable and constant phenome­
non, or whether catch-up growth is already in progress during the first half of 
pregnancy. 
Subjects and Methods 
Subjects 
Our study group comprised 23 pregnant volunteers with insulin-dependent 
(type-I) diabetes mellitus; sixteen were nulliparous and seven multiparous. They 
were enrolled in the study in the order in which they first attended the antenatal 
clinic. All had a reliable menstrual history and a regular cycle of 27-29 days, except 
for three women. In these cases, a basal temperature curve was available for the 
accurate calculation of the gestational age. None of the participants used hormonal 
contraception during the 3 months prior to the last menstrual period. 
All the women were being treated with continuous subcutaneous insulin infusion 
(CSII) during (the major part of) pregnancy. Thirteen women had been transferred to 
an insulin pump before conception. The preconceptional period of CSII treatment 
varied widely: from 9 days to more than a year (in two cases) before conception 
(median interval 97 days). In the other ten women, CSII treatment was started 
between the 7th and 13th week PMA (median interval from conception 44 days, 
range 38-74 days). Based on the moment of transfer to a pump, we divided the 
women into a preconceptional subgroup and a postconceptional subgroup. From the 
onset of CSII treatment onwards, the percentage of HbAlc  was measured every two 
weeks using a colorimetric method [ 1]. This value is an indicator of the quality of 
maternal blood glucose control over the preceding 3-6 weeks; in early normal 
pregnancy it does not exceed 8.5% [ 1]. 
A number of clinical data is summarized in Table I. Maternal age and the duration of 
maternal diabetes did not differ significantly between the two subgroups. The severi­
ty of the disease (indicated by White's classification) was similar in both subgroups, 
except for one woman with White's class F diabetes in the preconceptional sub­
group. 
Our control group comprised twelve healthy nulliparous women with a clean 
medical history (Table I), who have been described elsewhere (30]. 
Course and outcome of pregnancy 
In the diabetic group, the course of pregnancy was uncomplicated in 15 out of the 
23 women. Five women developed pregnancy induced hypertension (in one case 
accompanied by proteinuria) between the 32nd and 37th week of gestation. One 
woman (White's class F) was delivered at 27 weeks because of severe intrauterine 
growth retardation and signs of fetal asphyxia ("late" heart rate decelerations); the 
infant died after 24 hours (birth weight 500 g; < 2.3 centile). All the other women 
were delivered after 36 weeks of gestation (Table I). 
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TABLE I. 
Clinical data of the gravidae and their fetuses 
Diabetic Group Control Group 
preconceptional postconceptional 
start of CSII start of CSII 
(N=13) (N=IO) (N=l 2) 
Maternal age (yrs) 
Median 24 26.5 25 
Range 2 1  - 29 24 - 32 22 - 36 
Duration of maternal diabetes (yrs) 
Median 13 13 
Range 3 - 19 2 - 2 1  
White's Class (no. of patients) 
B 2 2 
C 8 6 
D 2 2 
F 0 
Gestational age at birth (wks PMA) 
Median 38 +0 * 38 +5 39 + 1  
Range 36 +0 I 40 +3 36 +6 I 39 +4 37 +5 / 40 +5 
Birth weight (g) 
Median 3210 * 3510 3230 
Range 2750 - 4470 2300 - 4020 2670 - 4780 
Distribution of birth weight centiles 
(no. of fetuses) 
< 2.3 1 0 
5 - IO  0 2 
10 - 25 1 0 0 
25 - 50 3 5 
50 - 75 3 2 1 
75 - 90 4 3 
90 - 97.7 0 
> 97.7 2 
Fetal sex distribution 
Female 4 4 6 
Male 9 6 6 
Perinatal complications 1 * 2 0 
* : one case excluded (male, born at 27 wks PMA; birth weight 500 g, < 2.3 centile) 
4 1  
There were two infants with malformations. One infant born at 39 weeks died 2 days 
later because of severe heart disease (tricuspidalis atresia and transposition of the 
great vessels; HbA 1 c value 8. 1 % at 1 0  weeks). The other infant, also born at 
39 weeks, had hydrocephaly with lumbosacral spina bifida (no information available 
on periconceptional diabetes control). 
In the control group, two women developed mild pregnancy induced hypertension. 
The course of pregnancy was otherwise uneventful in this group. All the infants were 
born after 37 weeks and were appropriately grown (Table I). 
Gestational age at birth and birth weight did not differ significantly between the 
control group and the diabetic subgroups. However, in the latter, the proportion of 
infants with a birth weight above the 90th centile (corrected for parity and sex) was 
high: five out of the 23 infants (22%) were macrosomic, as opposed to one out of the 
1 2  controls (8%). 
Measurements of crown-rump length and biparietal diameter 
Fetal growth was followed between the 7th and 1 4th week PMA by weekly 
measurements of the crown-rump length (CRL). In the diabetic group, each fetus 
was measured 6.8 times on average, ranging between 5 and 8 times; the total number 
of examinations was 1 57. For the control group, these values were 6.2, 5-7, and 74, 
respectively. 
In addition, fetal growth was followed between the 13th and 30th week PMA by 
performing serial measurements of the biparietal diameter (BPD) once every two to 
four weeks. An average of 6.3 BPD measurements were obtained from the fetuses of 
diabetic women, ranging between 3 and 1 0; the total number was 1 44. In the control 
group, these values were 5.3, 4-9, and 64, respectively. Excluded from analysis were 
all BPD measurements from the hydrocephalic fetus (n=5) and the severely growth 
retarded fetus (n=9). 
All determinations were made using a 3.5 MHz linear-array real-time ultrasound 
scanner (Aloka, Model SSD-256 or Siemens Imager 2300) . 
Data analysis 
The age of a fetus, as calculated from the first day of the last menstrual period 
(menstrual age), was compared to its age as estimated from a standard growth-curve 
based on ult.rasonic determinations of CRL and BPD ("ultrasound" age). Our data 
were also compared to those from the literature (the "reference" groups). 
For the CRL, we used a table provided by Pedersen [22] from which the average 
gestational age (ultrasound age) could be read for each given CRL between 7 and 
85 mm. Pedersen 's results were very similar to those reported in a few older CRL 
studies [ 1 0,27]. The average equations describing the growth-curve of CRL in 
normal pregnancy were derived from the aforementioned studies and are shown in 
the Appendix. 
For the BPD, we chose the linear-quadratic model of Kurtz et al. [ 1 4  ]. Their average 
BPD growth-curve was based on data from 17  different studies on normal pregnancy 
(see Appendix for equation). 
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In order to investigate the growth pattern i n  fetuses of type- 1 diabetic women ,  we calculated the difference ( in days) between the ultrasound age (UA) and the menstrual age (MA) for each measurement (e ither CRL or BPD) between the 7th and 30th week of pregnancy. 
Results 
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Fig. 1. Scatter of single CRL measurements taken between 7 and 14 weeks of gestation from 
fetuses of diabetic women with pre- or postconceptional start of CSII .  Data are presented in 
relation to the average growth-curves of the control group and reference group. The CRL measurements obtained from the fetuses of d iabetic women were generally below the average growth-curves of the control and reference groups (Fig. 1 ) . The curves of best fit (not shown, formulae in Appendix)  of the total d iabetic group and 
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the two subgroups ran parallel to, but below the normal growth-curves; the deviation 
was most profound in the postconceptional subgroup. 
The distributions of the differences between the ultrasound age and the menstrual 
age - ii (UA-MA)- of all single measurements are presented in Fig. 2. Data are 
shown as percentages of the total numbers. Plus 5 and minus 5 days are indicated as 
20 % 
1 5  






0 '---"""--........... --�-�--....---'"'-··::.....• ··....:.....··. 
- 1 8  - 1 2  -6 0 6 1 2  




1 5  
postconc . 
1 0  
5 
0 
- 1 8  - 1 2  -6 0 6 1 2  
6. ( UA-MA ) in d ays Fig. 2. Distribution of the differences between ultrasound age and menstrual age for all single CRL measurements in A) the control (n=74) and total diabetic groups (n= 1 57) and in B) the preconceptional (n=9 1 )  and postconceptional (n=66) diabetic subgroups. The normal range is between -5 and +5 days. 
being the 95% confidence intervals (22]. The UA minus MA differences in the con­
trol group were normally distributed around a difference of zero days, but for the 
total diabetic group, the distribution was shifted to the left, indicating smaller CRLs 
(Fig. 2,A). A delay of 6 days or more was found for 24.3% of the measurements in 
the total diabetic group, as opposed to 2.8% in the control group. Early growth delay 
was most profound in the postconceptional subgroup (Fig. 2,B). Statistics on CRL 
determinations and growth delay are summarized in Table 11,A. Between the 7th and 
14th week, the CRLs of fetuses of diabetic women were smaller than those of the 
control and reference groups (both p < 0.00 1 ). The CRLs in the postconceptional 
subgroup were smaller (p < 0.002) than those of the cases in which CSII treatment 
had been started before conception; the median differences from the reference group 
were -5.5 and -3 days, respectively (Table 11,A). 
When the mean UA minus MA difference per fetus was calculated for the period 
between the 7th and 14th week, identical results were obtained (Table III). A mean 
growth delay of � 6 days was found in 6 out of the 23 fetuses (26.1 % ) of diabetic 
women, in two of the preconceptional subgroup and in four of the postconceptional 
subgroup. Severe early growth delay (mean delay -13.5 days) was seen in one 
malformed fetus (hydrocephaly and spina bifida) ; the fetus with congenital heart 
disease was on average 5 days behind, i.e. growing within the normal range. 
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TABLE II. 
Distribution of the differences between ultrasound age and menstrual age as determined from single 
measurements of the embryonic and fetal crown-rump length (A) and biparietal diameter of the fetal 
head (B and C). The data of the control and study groups were compared and also compared to those 
of the reference groups. 
Period 













group diabetic concept. 
group subgroup 
(N=12) (N=22) (N=13) 
74 157 91 
0 -3 * -3 * 




26 56 30 
1.5 -2.5 # -1 
-7 I 13 -14.5 I 8 -14.5 / 7  
C 
a 
38 74 41 
2.5 1 2 









-15 / 5 
26 
-5 * 
-9 / 8  
33 
-0.5 




* = p < 0.001 
* = p < 0.001 
# = p  < 0.02 
N = number of subjects studied; for periods B and C, the study involved 12 fetuses in the 
preconceptional subgroup 
a =  p < 0.001, b = p < 0.002, c = p < 0.005; Mann-Whitney U-test 
TABLE ill. 
Distribution of the mean differences between ultrasound and menstrual age per fetus for the period 
from 7 to 14 wks PMA. True early growth delay was diagnosed when the mean fetal size was too 
small by 6 days or more. 
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Growth rate, expressed as the week-by-week increment in CRL, was s imi lar i n  both the control and diabetic groups (not shown). Thus, there was a general embry­onic growth delay in early diabetic pregnancy, originating before the seventh week of gestation. For the total diabetic group, no sign of accelerated growth was observed during the fi rst trimester of pregnancy. 
BP D-measurements For each BPD measurement obtained between the 1 3th and 30th week PMA, the UA m inus MA difference was determi ned using the standard curve of Kurtz et al . (reference group) .  P lus 1 4  and m inus 1 4  days were considered to represent the 95% confidence intervals [4, 1 4] .  A di stinction was made between the period from 1 3  to 2 0  weeks and between 20 to 30 weeks PMA. During the fi rst period, the BPD values in the total diabetic group were lower than those in the control (p < 0 .005) and reference (p < 0 .02) groups (Table 11,B ) .  The lower values i n  the postconceptional subgroup (p < 0.00 I )  especia l ly contributed to th is  difference. Between the 20th and 30th week PMA, there were no significant differences between the control group, reference group and study groups (Table 11 ,C). Therefore, we can conclude that fetal growth in the diabetic group was general ly  behind that of  the control fetuses between 1 3  and 20 weeks, al though the BPD values were usual ly within the normal range . After 20 weeks, the BPD of the fetal head was normal in the total di abetic group. In a number of fetuses of diabetic women, the BPD increased more rapidly than in the control fetuses. The advancement appeared to be more pronounced in the preconceptional subgroup (up to plus 30 days , Table 1 1 ,C) . 
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Fig. 3. Scatter of the differences between ultrasound and menstrual age in the first and second 
trimesters of normal (A) and diabetic (B) pregnancy. Between 50 and 100 days of gestation, 
the difference in age was determined from the CRL (normal range -5 / +5 days) and between 
100 and 210 days from the BPD (normal range -14 / +14 days). The developmental course in 
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Fig. 4. Regression of coefficient b (tangent) on coefficient a (intercept) of the linear growth­
curve model y = a +  b(MA), describing the growth pattern of individual fetuses from 7 to 30 
weeks of gestation. The fetuses that were macrosomic at birth are indicated by the nos. 1 to 5 
(diabetic group) and 6 (control group). 
linear models were derived. Control group: y = -2.31 + 0.028x (n= 12); preconcep­
tional subgroup: y = -7.31 + 0.058x (n=12) ; postconceptional subgroup: y = -9.08 + 
0.055x (n=9). The points of intersection with the zero axis were at 18 and 23 weeks 
PMA for the preconceptional subgroup and postconceptional subgroup, respectively. 
The data presented in Fig. 3,B were also related to fetal birth weight. A distinction 
was made between fetuses in the diabetic group with a birth weight between the 10th 
and 90th centile (n=12; Fig. 5,A) and those with a birth weight above the 90th centile 
(n=5; Fig. 5,B). The growth patterns of the fetuses who turned out to be macrosomic 
at birth were different from those seen in fetuses with a more or less normal birth 
weight. The mean growth delay between the 7th and 14th week was within the 
normal range in the five fetuses. The mean values were -0.5, -2, -4, -5 and -5.5 
days behind. During the second trimester, all but one of the BPD measurements were 
concurrent with or above the mean normal growth-curve (Fig. 5,B). Thus, the BPD 
increased rapidly in the fetuses who were found to be macrosomic at birth: in some 
cases this had already started early in the second trimester and in others during the 
course of this trimester. At 30 weeks PMA, the BPD of three fetuses (nos. 1, 2, and 
3 in Fig. 4) had exceeded the upper limit of the normal range (+ 14 days), but in the 
two other fetuses (nos. 4 and 5 in Fig. 4) the BPD at this age was still within the 
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gestat ional age (days) Fig. 5. Scatter of the differences between ultrasound and menstrual age in fetuses in  the dia­betic group that had normal birth weight (A) or were macrosomic at birth (B; individual growth patterns shown as dashed lines) . Between 50 and 1 00 days of gestation, the difference in age was determined from the CRL (normal range -5 / +5 days) and between 1 00 and 2 1 0  days from the BPD (normal range - 14  / + 14  days). Average growth in the two birth weight subgroups is indicated by the regression lines; the zero axis represents average normal growth. 
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normal range. In the normal birth weight subgroup, the BPDs were usually within 
the normal range. The only control fetus that was macrosomic at birth (no. 6 in 
Fig. 4) also grew within the normal range until the 30th week. 
Early fetal growth and maternal blood glucose control 
In most of the women who started CSII treatment prior to conception, (near-) 
normoglycaemia was achieved before conception and maintained thereafter, al­
though three women showed poor glucose control during the first 8 weeks of ges­
tation. In the postconceptional subgroup, data on metabolic control were generally 
lacking in the period around conception and organogenesis. In the cases where data 
were available (n=5), the HbA le values obtained between 6 and 8 weeks were higher 
than those in the preconceptional subgroup (n=l 1) : the median percentages of 
HbAlc were 8.6 (range 7.5- 10. 1 %) and 7 .4 (range 6.2-9.2%, p < 0.02), respectively. 
This difference had disappeared by the 10th week PMA, because maternal glucose 
control rapidly improved in the postconceptional subgroup after adjustment to an 
insulin pump. 
The average growth delay per fetus between the 7th and 10th week PMA, tended 
to be negatively correlated with the HbAlc  values at 6 to 8 weeks (Fig. 6). This 
correlation (R = 0.33) and the correlation between the degree of early growth delay 
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Fig. 6. Relationship between mean growth delay per fetus from 7 to l 0 weeks and the quality 
of maternal diabetes control, as judged by the HbA I c values at 6 to 8 weeks of gestation 
(R = 0.33, NS) . 
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Discussion 
The various CRL curves in the literature, which describe somatic growth as a func­
tion of fetal age during the first trimester of normal pregnancy, show great similarity 
and do not differ statistically [ I 0,22,27]. The CRL curve plotted for the control 
group in the present study, best resembled the one published by Robinson and 
Fleming [27]. The validity of the latter growth curve has recently been reconfirmed 
[ 1 3]. 
During early pregnancy in women with type- I diabetes, the embryo and fetus are 
often smaller than normal. This phenomenon was first described by Pedersen and 
M0lsted-Pedersen [20], who introduced the term early growth delay. 
In their various reports on diabetic pregnancies, early growth delay (defined as fetal 
size smaller than normal by 6 days or more) was observed in 25-43% [20,2 1 ,23,24]. 
Using the same definition, Tchobroutsky et al. [29] observed early growth delay in 
1 6  out of 72 (22%) fetuses of diabetic women and Steel et al. [28] in 4 out of 1 2  
(33% ) .  In contrast, other authors found that the fetuses of 20 poorly controlled dia­
betic women [5] and those of 13  women who were well-controlled according to the 
authors [3 1 ]  were of normal size. 
In our study, the CRLs of the fetuses of diabetic women were generally smaller than 
normal. True early growth delay was present in 6 out of the 23 fetuses (26% ). This 
incidence was in agreement with the aforementioned values. It was particularly 
noticeable that the CRL in the fetuses of women who were transferred to an insulin 
pump after conception, was smaller than expected from the menstrual history. In 
these women, blood glucose control in the period around conception was generally 
poor. However, we could not substantiate a statistically significant relationship be­
tween the quality of maternal periconceptional glucose control and the degree of 
early fetal growth delay. This finding contradicts the general conclusion drawn by 
Pedersen et al. [23] that early fetal growth delay is especially likely to occur in 
women with poorly controlled diabetes (as judged by elevated HbA le values). How­
ever, they found, as we did in the present study, some cases of normal fetal growth 
in the presence of poor maternal glucose control and other cases of early growth 
delay in the presence of tightly controlled diabetes. It is therefore possible that the 
HbAlc  level does not accurately reflect the mean quality of maternal glucose control 
over the near past, or that it fails to identify short-term diabetes-related events that 
may induce growth delay. 
Our data clearly demonstrate that growth delay, if present, started before the first 
ultrasound examination took place, i.e. before the seventh or eighth gestational 
week. There are various theoretical explanations for the smaller size of the embryos 
in diabetic pregnancy: delayed ovulation, delayed conception, delayed implantation, 
impaired development of the yolk sac, a temporary arrest of embryonic growth 
during organogenesis and slow embryonic growth rate (true growth delay) [13]. It is 
as yet unknown which of these processes is/are at work in women with diabetes. 
Intrafollicular overripeness of the ovum and delayed ovulation are common in 
diabetic women, especially in those with poor glucose control [2, 1 2]. It has been 
claimed that early growth delay is solely due to late ovulation [28]. Late conception 
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is an unlikely explanation, but delayed implantation is well-documented in man [ 19] 
and animals [26]. Post-implantation events are also likely to be involved. In numer­
ous experimental animal studies, both in vivo and in vitro, impairment of embryonic 
growth and development has been demonstrated under diabetes-related conditions 
[ 11, 16]. Recently, special attention has been directed at the development and differ­
entiation of the yolk sac [25]. The somatic growth delay is accompanied by a delay 
in placental development [24]. Delayed functional development of the fetal liver [6] 
and the central nervous system [ 17] have also been reported in the first trimester of 
diabetic pregnancy. 
The CRL growth rate (weekly increment in size) was similar in the control and 
diabetic groups from 7 to 8 weeks PMA onwards. In combination with a number of 
embryos that were too small at the earliest CRL measurement, the average CRL 
curves of the diabetic subgroups ran parallel to those of the control and reference 
groups, but at a lower level, especially the curve of the postconceptional subgroup. 
The total group of fetuses of diabetic women did not show growth acceleration 
during the course of the first trimester. Inclusion of the BPD measurements in this 
study and the transformation of these data into the same unit of measurement as was 
used for the CRLs (difference between the ultrasound age and the menstrual age), 
enabled us to estimate whether and when the growth of the fetuses in the diabetic 
group caught up. In the preconceptional subgroup, the growth of the fetuses reached 
the normal range sooner (approximately between 16 and 19 weeks of gestation) than 
those in the postconceptional subgroup (about 4 to 6 weeks later). 
Numerous studies on normal pregnancy have suggested that the BPD increases 
linearly to 30 weeks, after which the growth rate slows progressively, reaching a 
plateau near term [7]. In pregnancies complicated by diabetes, the BPD of the fetal 
head has been shown to grow at a similar rate to that observed in normal pregnancy; 
if the BPD deviates positively from the norm this does not occur before the 37th 
week [18]. Our data indicate, however, that accelerated growth of the BPD may 
begin during the second trimester of pregnancy. Such a growth pattern was found in 
our diabetic group in three out of the five fetuses that were macrosomic at birth. 
Their BPD values were beyond the normal range at 30 weeks. This suggests that the 
onset of an excessive growth rate is not exclusively a third trimester phenomenon, as 
was previously accepted, but may start early in diabetic pregnancy, i.e. from about 
the 16th to 20th week onwards. A similar conclusion was drawn by Diamant and 
Gale [9], who studied the ratio between the head (HC) and abdominal (AC) circum­
ferences during the second half of pregnancy in fetuses that were large-for-dates at 
birth. They demonstrated the existence of two subgroups with markedly different 
intrauterine growth patterns. In one group, the variables initially grew normally, but 
from 33 to 34 weeks, the AC started to deviate and reached the 95th centile at 36 
weeks. This resulted in a HC:AC ratio of below the 5th centile in late gestation 
("asymmetrical growth acceleration"). In the other group, symmetrical acceleration 
occurred; both variables had already started to grow in the vicinity of the 95th centile 
at an early stage in pregnancy ( 16 to 20 weeks) and until term, the HC:AC ratio was 
within the normal range. 
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We found that the growth pattern of the macrosomic fetuses in the diabetic group 
was different from that of the fetuses with a normal birth weight. None of the former 
fetuses showed true early growth delay and the BPDs were almost exclusively above 
the mean normal growth curve from about midpregnancy onwards. On the other 
hand, no significant relationship could be found between the degree of early growth 
delay and fetal birth weight when the total diabetic group was considered. We 
therefore cannot support Pedersen 's finding that fetuses showing true early growth 
delay do not catch up afterwards and weigh less at birth than those of normal size 
between 7 and 14 weeks [20,21 ,23,24]. 
It has been suggested that early growth delay plays a pivotal role in predisposing 
the embryo to malformations [2 1,29] and/or spontaneous abortion [3,1 5]. In our 
series, the profound early growth delay seen in the hydrocephalic fetus supports this 
view. In contrast, the early growth pattern of the fetus with congenital heart disease 
was within the normal range. 
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Growth and motor development 
in fetuses of women with type-1 diabetes. 
II. Emergence of specific movement patterns 
Summary 
In 20 women with type-I diabetes, the emergence of fetal movement patterns was 
studied using real-time ultrasound. One-hour recordings were made once a week be­
tween the 7th and 17th week of gestation. Data were compared to those obtained in 
uncomplicated pregnancy. The diabetic women were being treated with continuous 
subcutaneous insulin infusion (CSII) therapy. 
Except for breathing movements, there was a one to two week delay in the first ap­
pearance of all movement patterns which normally emerge during the first 12 weeks 
of pregnancy. Breathing movements were observed for the first time at an earlier age 
than in the control fetuses (p < 0.02). When the emergence of frequently occurring 
movement patterns was plotted against fetal crown-rump length, which is usually 
smaller in diabetic pregnancy, there was still a general delay in comparison with the 
control group. The delay in motor development therefore does not run completely 
parallel with the delay in growth. This indicates the possible existence of a specific 
diabetes-related influence on the functional development of the embryonic and fetal 
nervous system. Hyperglycaemia, for example, may be responsible, as the delay in 
the emergence of fetal general movements was most profound in the women whose 
periconceptional quality of glucose control was poor. 
Introduction 
In normal pregnancy, the human fetus demonstrates a large repertoire of different 
movement patterns by the 15th week of gestation. These movements are spon­
taneous, i.e. endogenously generated and they emerge at a very early age. Move­
ments can be observed for the first time at 7 .5 weeks postmenstrual age (PMA) and 
are coordinated from the very onset. A timetable of the first appearance of these 
distinct movements has been published previously [ 16]. The frequently occurring 
movement patterns emerge with a scatter of 1 to 2 weeks among individual fetuses. 
Once developed, fetal movements hardly change their appearance until birth and 
they closely resemble movements observed in preterm and term newborn infants. 
In a preliminary communication, we reported on the delay in the emergence of 
movement patterns observed in 10 fetuses of women with type-I diabetes [ 15]. This 
delay mostly coincided with a delay in growth, a phenomenon which is common in 
diabetic pregnancy [7 , 11,12,13]. From these findings we concluded that maternal 
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diabetes does not have any specific influence on the functional motor development 
of the fetal nervous system. 
In the present report, the aforementioned conclusion will be evaluated in an extend­
ed study group. Moreover, the emergence of fetal movements will be related to the 
quality of maternal glucose control during the first months of diabetic pregnancy. 
Subjects and Methods 
In 20 women with type-I diabetes, the emergence of fetal movement patterns was 
studied longitudinally during the first trimester of pregnancy. The women had a 
reliable menstrual history and a regular cycle of 27-29 days, except for three women. 
In these cases, a basal temperature curve was available for the accurate calculation 
of the gestational age. None of the women used hormonal contraception during the 
3 months prior to the last menstrual period. All the women were being treated with 
continuous subcutaneous insulin infusion (CSII) therapy. Treatment was started 
either before conception (preconceptional subgroup, n= 11 ), or during the first 
months of pregnancy (postconceptional subgroup, n=9). The quality of glycaemic 
control was determined every two weeks by measuring the glycosylated haemo­
globin (HbAlc) content. The study group was part of a group of 23 women whose 
clinical data and the course and outcome of pregnancy have been published else­
where [7]. For the present study, only the fetuses (n=20) delivered after 36 weeks 
postmenstrual age (PMA) and without congenital malformations were selected. Data 
obtained between the 7th and 20th week PMA from twelve women with uncompli­
cated pregnancies served as a control; these data have been described extensively 
elsewhere [ 16]. The study design was identical in the study and control groups. 
During 60-minute observations, the fetuses were visualized in the mid or para­
sagittal plane using a linear-array real-time ultrasound scanner (Aloka, Model SSD-
256). All the recordings were made between 1600 and 1800 hours at weekly intervals 
from the 7th to the 17th week PMA. The records of fetal motility were stored on 
video tape for off-line analysis. Fetal movements were scored during two to three 
video replays, in accordance with the classification system developed for the control 
group [16]. The following movement patterns were distinguished: just discernible 
movement, startle, general movement, hiccup, breathing movement, isolated arm or 
leg movement, isolated retroflexion/rotation and anteflexion of the head, jaw 
opening, sucking and swallowing, hand-face contact, stretch, and yawn. In both 
studies, the fetal crown-rump length was measured after each recording session [7]. 
Statistical analysis was performed using the Mann-Whitney U-test. The signifi­
cance levels given are for two-sided tests. 
Results 
The motor activity observed in the fetuses of diabetic women could all be classi­
fied in accordance with the system described for normal fetuses [ 16]. 
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Fig. l .  First occurrence of specific fetal movement patterns in type- I diabetic women. Each 
symbol represents an individual. • = preconceptional start of CSII; • = start of CSII after 
conception. Ages at observation are given in full weeks and days. Data on the control group 
are shown as medians and ranges. 
The gestational age at which the distinct movement patterns were observed for the 
first time in the 20 fetuses of diabetic women, is shown in Fig. 1, in comparison with 
those of the control fetuses. A significant delay of one to two weeks was found in the 
first appearance of ten of the 15 movement patterns (Table I). Four movement 
patterns occurred at about the same gestational age as the controls. The data shown 
in Fig. 1 and Table I on the study group are somewhat misleading, because when the 
observations were stopped in this group at 17 weeks, several movement patterns had 
not yet been observed in all fetuses: a stretch in two fetuses, head anteflexion in 
three, a yawn in eight and sucking and swallowing in seven. In general, the delay in 
emergence of movement patterns was greater in the fetuses of diabetic women who 
did not start CSII treatment until after conception (Fig. 1 ). For the emergence of 
three patterns, the difference between the preconceptional and postconceptional 
subgroups was significant: general movement (p < 0.002), hiccup (p < 0.05) and 
retroflexion of the head (p < 0.05). 
Only breathing movements occurred in the total diabetic group at an earlier age than 
in the control group (p < 0.02, Table I). However, comparison of the two diabetic 
subgroups revealed that the observed difference was solely due to the earlier onset 
of breathing in the preconceptional subgroup (p < 0.002); the emergence of breath-
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TABLE I .  Emergence of specific fetal movement patterns in relation to gestational age. The medians and ranges of the ages are given in full weeks and days. Control Group Diabetic Group Movement pattern Median Range Median Range signif. Just discernible movement 8 . 1  7.4 - 8 .5 9. 1 8.3 - 10.4 < 0.002 Startle 8.3 8.1 - 9.3 1 0.0 8.4 - 1 1 .0 < 0.002 General movement 9.2 8.3 - 9 .4 10 . 1  9.0 - 1 1 .0 < 0.002 Hiccup 9.4 8.5 - 1 0.2 1 0.3 9.0 - 1 2.3 < 0.002 Isolated arm movement 9.4 8.6 - 1 0.4 10.6 9.0 - 1 1 .4 < 0.002 Isolated leg movement 9.5 8.6 - 1 2.2 1 1 .2 10. 1 - 14. 1 < 0.002 Head retroflexion 1 0.5 9.3 - 1 2.2 1 1 .5 10.4 - 1 3 .2 < 0.02 Head rotation 1 1 . 1  9.3 - 1 2.2 1 1 .6 1 1 .0 - 1 3 .2 < 0.05 Hand-face contact 10.4 1 0.0 - 1 2.2 1 2. 1  10.4 - 14.3 < 0.002 Breathing movement 1 1 . 1  10.2 - 1 1 .4 1 0.3 9.0 - 1 2.0 < 0.02 Jaw opening 1 1 .4 10.4 - 12.3 1 2.6 1 1 .6 - 14.0 < 0.002 Stretch 13 .2 10.2 - 1 5 .2 1 3 .3 1 1 .0 - 1 5 .6 n.s. Head anteflexion 13 .2 1 0.4 - 14.3 1 2.6 1 1 .4 - 14.3 n.s. Yawn 15 . 1  1 1 .3 - 1 9.4 14.2 12. 1 - 15 .6 n .s. Sucking and swallowing 13 .2 12.4 - 15 .6 14.0 1 1 . 1  - 15 .6 n.s. signif. = significance of inter-group difference (Mann-Whitney U-test); n.s. = not significant 
ing in the postconceptional subgroup was not statistically different from that in the 
control fetuses. 
When plotted against fetal crown-rump length, the emergence of most movement 
patterns was still delayed as compared to the control group (Fig. 2). Especially the 
frequently occurring movement patterns, which emerge in normal fetuses before 
12 weeks PMA (the uppermost seven in Fig. 2), were generally seen for the first time 
in the diabetic group when the fetuses were larger than the control fetuses. The 
differences between the control and study groups (Table II) reached significance 
only for the emergence of startles (p < 0.02) and isolated leg movements (p < 0.02), 
and for two less frequently occurring patterns, hand-face contact (p < 0.02) and jaw 
opening (p < 0.02). The first appearance of breathing movements took place when 
the fetuses of diabetic women were considerably smaller than the control fetuses 
(p < 0.002). This was valid for both the preconceptional and postconceptional sub­
groups (p < 0.002 and p < 0.02, respectively). 
No significant differences were found between the two subgroups with respect to the 
emergence of the distinct movement patterns in relation to fetal size. 
The quality of maternal glucose control around the time of conception was better 
in the preconceptional CSII subgroup than in the postconceptional subgroup, as 
judged by the lower HbAlc  values at 6 to 8 weeks PMA (mean 7.5%, range 
6.2-9.2%, n= l 1 ; and mean 8.7%, range 7 .5- 1 0. 1  %, n=5, respectively; p < 0.02). The 60 
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Fig. 2. First occurrence of specific fetal movement patterns, plotted against crown-rump 
length, in type- I diabetic women. Each symbol represents an individual. • = preconceptional 
start of CSII; • = start of CSII after conception. Data on the control group are shown as 
medians and ranges. 
HbAlc  values obtained between the 9th and 11th week did not differ statistically 
between both subgroups, indicating that glucose control rapidly improved in the 
women who started pump treatment after conception (mean 7.1 %, range 5.7-7.9%, 
n= l 1; and mean 7.4%, range 6.2-8.1 %, n=9, respectively). 
The investigation of a possible relationship between the glucose control of the 
mother during early pregnancy and the emergence of general movements, startles, 
hiccups and breathing movements, revealed that the emergence of the latter three 
was neither significantly correlated with the mean HbA le values at 6 to 8 weeks, nor 
with those obtained between the 9th and 11th week PMA. In contrast, the emergence 
of general movements was positively correlated with the mean HbAl c  values 
between the 6th and 8th week (Fig. 3, n= l 7, R = 0.80, p < 0.001), but not with those 
collected between the 9th and 11th week (n=20, R = 0.21). 
When the sizes at which the fetuses first exhibited general movements were plotted 
against the HbAlc  values obtained between the 6th and 8th week, a significant 
correlation was also found (n= 17, R = 0.51, p < 0.05) ; however, once again, such a 
correlation could not be demonstrated for the HbA l c  values measured between the 
9th and 11th week. 
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TABLE II. 
Emergence of specific fetal movement patterns in relation to crown-rump length (in mm). 
Control Group Diabetic Group 
Movement pattern Median Range Median Range signif. 
Just discernible movement 18 10 22 19 14 - 30 n.s. 
Startle 21 15 - 27 26 17 - 35 < 0.02 
General movement 25 15 - 32 27 20 - 35 n.s. 
Hiccup 27 21 - 36 32 20 - 46 n.s. 
Isolated arm movement 32 25 - 38 33 26 - 45 n.s. 
Isolated leg movement 27 25 50 44 29 - 74 < 0.02 
Head retroflexion 42 27 - 53 46 30 - 62 n.s. 
Head rotation 46 27 - 78 46 38 - 62 n.s. 
Hand-face contact 37 32 - 50 59 30 - 77 < 0.02 
Breathing movement 46 28 - 56 30 25 - 44 < 0.002 
Jaw opening 50 36 - 59 61 44 - 77 < 0.02 
Stretch 68 35 - 93 64 40 - 92 n.s. 
Head anteflexion 68 40 88 62 47 - 77 n.s. 
Yawn 89 50 - 120 75 55 - 92 n.s. 
Sucking and swallowing 72 59 - 90 71 40 - 86 n.s. 
signif. = significance of inter-group difference (Mann-Whitney U-test); n.s. = not significant 
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Fig. 3. Emergence of general movements (ages in weeks and days) in relation to the 
periconceptional quality of maternal diabetes control, as judged by the HbAlc  value between 
the 6th and 8th week of gestation (R = 0.80, p < 0.001). 
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Discussion 
In pregnancies complicated by diabetes mellitus, the structural development of the 
fetus is often affected. Early growth delay is found in about 30% of the embryos and 
fetuses studied between the 7th and 14th week PMA, as determined by assessing the 
crown-rump length [7, 11,12, 14]. Moreover, the fetuses are at a 2-4 fold increased 
risk of being malformed, especially those showing the most profound delay in 
growth [12]. Neural tube defects account for a large proportion of this malformation 
incidence: a rate of three to twenty times that in nondiabetics has been reported [5,6]. 
A common mechanism underlying early growth delay and the induction of 
malformations has been suggested. It is thought that the mechanism is probably 
associated with poor glycaemic control in the first two months of pregnancy [ 13]. 
Information on early fetal functional development in diabetic pregnancy is almost 
non-existent, apart from one exception. A one to two week delay in the development 
of the fetal liver was proposed to explain the lower median levels of maternal serum 
alpha-fetoprotein in diabetic women [2,6]. 
As the fetal nervous system is often impaired in diabetic pregnancy, it is possible that 
the functional development is also affected, even in the absence of gross structural 
anomalies. The results of the present study demonstrate a one to two week delay in 
the functional motor development of embryos and fetuses of diabetic women and 
therefore corroborate the findings reported in our preliminary communication [ 15]. 
However, in our preliminary study, functional delay was found to run mostly parallel 
with that of growth. In the present extended study group, the data have indicated that 
the delay in the emergence of movement patterns exceeds the delay in fetal growth. 
Thus, functional delay can only be partly attributed to growth delay. This indicates 
the existence of a specific diabetes-related influence on embryonic growth and even 
more on functional motor development, which most likely exerts its effect between 
conception and several weeks thereafter [7]. During organogenesis, the central 
nervous system is the first system being formed (third and fourth gestational week), 
therefore being the most susceptible to any possible early disturbance. This may be 
the reason for the discrepancy between the two abovementioned types of delay. In 
addition, intrafollicular overripeness of the ovum and delayed ovulation have also 
been postulated [ 1,4]. 
Experimental rodent studies have demonstrated that hyperglycaemia is a diabetes­
related disturbance factor causing small-sized embryos and malformations of the 
CNS, both in vitro and in vivo [3]. In the present study, the women who started CSII 
treatment after conception had moderately poor glucose control during 
organogenesis (elevated HbAlc  values between the 6th and 8th week PMA). Their 
embryos and fetuses were generally smaller than those of women who started pump 
treatment prior to conception [7]. Moreover, they showed the most profound delay 
in the emergence of movements. In particular, the delay in the emergence of general 
movements was positively correlated with the HbAlc  value. Nevertheless, even in 
the well-controlled diabetic women (preconceptional subgroup) delays in both 
growth and motor development were found. 63 
This study confirms that fetal breathing movements emerge at an earlier stage in 
the fetuses of women with type-1 diabetes than in controls [15]. This early emer­
gence is all the more remarkable when the smaller size of the embryos is taken into 
account. Throughout the first trimester of pregnancy, the incidence of breathing has 
also been found to be considerably higher in the diabetic group [8]. During the 
second half of (normal) pregnancy, the incidence of fetal breathing is related to 
maternal blood glucose levels [9, 10, 17]. It is as yet uncertain whether the early 
emergence and high incidence of breathing movements in the first trimester of 
diabetic pregnancies are directly glucose-related or whether other factors or metabo­
lites are involved. 
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Growth and motor development 
in fetuses of women with type-1 diabetes. 
III. First trimester quantity of fetal movement patterns 
Summary 
Delayed emergence of movement patterns and disturbances in the development of 
behavioural states are often observed in the fetuses of diabetic women. The develop­
mental course of specific fetal movement patterns was studied in 20 women with 
type-I diabetes during the first trimester of pregnancy. The aim was to investigate 
whether maternal diabetes also has an effect on the rate of occurrence and temporal 
patterning of fetal movements. Real-time ultrasound recordings with a duration of 
one hour were made once a week between the 7th and 17th week PMA in order to 
quantify fetal movements. The data were compared to those obtained in a group of 
uncomplicated pregnancies. 
The developmental trends in the occurrence of movement patterns were similar to 
those in the control fetuses, with the exception of startles. Before the 9th week of 
gestation, fetal movements occurred less frequently, whereas after 12 weeks, the 
overall incidence was higher than in the control group. The former was found to be 
related to the quality of maternal glucose control; the latter was due to an increase in 
the incidence of breathing movements. The rate of breathing movements was 
generally slower than in the control group. 
Introduction 
In uncomplicated pregnancy, the human fetus exhibits a set of specific movement 
patterns. A timetable of the first appearance of these movements has been published 
[ 15], as well as data on their rate of occurrence in the first half of pregnancy [ 16]. 
Some of the movement patterns occur frequently, whereas others are rarely seen 
during one-hour observations. Although there is a great deal of difference in the inci­
dence of each specific pattern at the various gestational ages, resulting in wide 
ranges, a developmental trend has been found for most movement patterns, with 
either a gradual increase in incidence, an increase until a plateau is reached, or an 
increase in incidence followed by a decline [ 16]. 
In fetuses of women with type-I diabetes, the same movements can be observed as 
in fetuses of uncomplicated pregnancies. A timetable of the first appearance of 
movements in diabetic pregnancy is also available and shows that most patterns 
emerge with a delay of 1 to 2 weeks [8]. This delay can only partly be explained by 
a concomitant delay in early growth [7], which implies that a specific delay in the 
development of the fetal central nervous system also has to be considered [8]. 
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In the present study, we investigated whether maternal diabetes has an effect on the 
generating mechanism of fetal movement patterns during the first trimester of 
pregnancy by observing the rate of occurrence, the developmental trends and the 
temporal patterning of the different movements of fetuses of diabetic women. 
Subjects and Methods 
In 20 women with type-I diabetes, fetal movement patterns were studied longitu­
dinally during the first trimester of pregnancy. The women had a reliable menstrual 
history and a regular cycle of 27 to 29 days, except for three women. In these cases, 
a basal temperature curve was available for the accurate calculation of the gestation­
al age. None of the women used hormonal contraception during the 3 months prior 
to the last menstrual period. All the women were being treated with continuous 
subcutaneous insulin infusion (CSII) therapy. Treatment was started either before 
conception (preconceptional subgroup, n= 11 ), or during the first months of pregnan­
cy (postconceptional subgroup, n=9). The quality of glycaemic control was deter­
mined every two weeks by measuring the content of glycosylated haemoglobin 
(HbAl c). The study group was part of a group of 23 women whose clinical data and 
the course and outcome of pregnancy have been published elsewhere [7]. For the 
present study, only the fetuses (n=20) delivered after 36 weeks postmenstrual age 
(PMA) and without congenital malformations were selected. The data obtained 
between 7 and 20 weeks PMA in twelve women with uncomplicated pregnancies 
served as control and have been described extensively [15,16,18]. The study design 
was identical in the study group and control group. 
During 60-minute observations, the fetuses were visualized in the mid or para­
sagittal plane using a linear-array real-time ultrasound scanner (Aloka, Model 
SSD-256, probe 3.5 MHz). All the recordings were made between 1600 and 1800 
hours at weekly intervals between the 7th and 17th week PMA. The records of fetal 
motility were stored on video tape for off-line analysis. Fetal movements were 
scored during two to three video replays, in accordance with the classification sys­
tem developed for the control group [15]. The following movement patterns were 
distinguished: just discernible movement, startle, general movement, hiccup, breath­
ing movement, isolated arm or leg movement, isolated retroflexion/rotation and 
anteflexion of the head, jaw opening, sucking and swallowing, hand-face contact, 
stretch, and yawn. 
The occurrence and duration of these movements were marked on a 4-channel 
event recorder (Hewlett Packard 7754A) at a paper speed of 1 mm/sec, employing 
hand-held push-buttons. Calculations were carried out from the print-out of the 
event recorder. The incidence of all movement patterns except general movement, 
was expressed as the number per hour. If a general movement (GM) was followed by 
a pause of > 1 second until new activity was started, these two bursts were regarded 
as separate movements. The durations of GM bursts were measured in seconds, 
summed and expressed as a percentage of the total recording time. Breathing move­
ments and hiccups were expressed as the number per hour and, as they often occur 68 
in bouts, also expressed as percentage incidences. Continuous breathing was con­
sidered to be present when the pause between two consecutive breaths was < 6 sec; 
for hiccups an interval of 10 sec was chosen to represent a pause between two 
consecutive episodes [16]. 
Further analyses were carried out on the longest period that GMs were absent, on the 
longest duration of GM bursts and on bouts of breathing movements and hiccups. 
For the purpose of this study, a burst of GMs was defined as a series of general move­
ments separated by intervals of < 10 sec. In addition, each breath-to-breath interval 
and hiccup-to-hiccup interval was determined. The intervals were divided into 
different interval duration categories: 0-1, 1-2, 2-3, 3-4, 4-5, 5-6, � 6 sec (or � 10 sec 
in the case of hiccups). The median number of intervals per category was used to 
construct the frequency distribution of intervals at the various ages. In order to 
compare the distributions in the diabetic group and the control group, the percentage 
of occurrence of the different frequency intervals was calculated per week. 
Finally, data on total motor output per fetus per week were derived by setting the 
duration of all single movements, including breathing and hiccups, at one second. 
The sum of the durations of all single movements and the time spent making general 
movements, yielded a value of total activity, which was expressed as a percentage of 
the recording time [18]. 
In order to study the possible influence of maternal blood glucose levels on fetal 
motility, glucose was measured immediately before the start of each recording 
session. 
Statistical comparisons were carried out using the Mann-Whitney U-test. The 
significance levels given are for two-sided tests. 
Results 
Total activity 
The values of total activity (TA) were used to characterize the total motor output 
as a measure of the individual fetus ' neural activity. The developmental course of TA 
for the diabetic preconceptional and postconceptional subgroups in relation to that 
of the control fetuses is shown in Fig. 1; the curves of best fit for total activity are 
presented in Fig. 2. 
Between 8 and 10 weeks, TA was generally lower in the fetuses in the diabetic group 
than in the control group, but the difference between both groups was significant 
only at 8 weeks (p < 0.02). The lowest values were present in the postconceptional 
subgroup; at 9 weeks the difference in TA differed statistically (p < 0.02) from that 
in the preconceptional subgroup. In the diabetic group, TA increased until a 
considerably higher plateau was reached than in the control group. This plateau was 
not reached before the 14th week. Also the ranges of TA were much wider than in 
the control group. After 11 weeks, the lowest incidence of TA observed in the 
diabetic group was 9%, the highest 52%. The incidences of TA were significantly 
higher in the diabetic group than in the control group at 12 (p < 0.002), 13 (p < 0.02), 
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Fig. 1 .  Total activity observed during the first trimester of pregnancy in fetuses of diabetic 
women in the preconceptional CSII and postconceptional CSII subgroups as compared to 
control values. Total activity was significantly higher in the total diabetic group than in the 
control group at 1 2, 13, and 16 weeks. Solid bars in Figs. 1, 3, 4, 5, 6, and 9 indicate median 
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Fig. 2. Curves of best fit for total activity of fetuses of diabetic women in the preconceptional 
CSII and postconceptional CSII subgroups and of control fetuses during the first trimester of 
pregnancy. 
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Analysis was carried out to investigate which pattern(s) contributed to the increas­
ed motor output in the diabetic group. 
Incidence of fetal movement patterns 
General movements 
General movements emerged later in the diabetic group than in the control group 
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Fig. 3. Percentage of time during which general movements occurred in fetuses of diabetic 
women in the preconceptional CSII and postconceptional CSII subgroups as compared to 
control values. 
pattern, a plateau was reached at 1 2  weeks PMA, two weeks later than in the control 
fetuses. The incidence of GMs in the diabetic group was not significantly higher than 
that in the controls at any of the ages studied, except at 1 2  weeks (p < 0.002). The 
distribution of the incidence of GMs was general ly similar in both the diabetic sub­
groups. However, the fetuses in the postconceptional subgroup moved less at 
9 weeks (p < 0.02) and 1 3  weeks (p < 0.05). From 1 2  weeks onwards, the lower limit 
of GM incidence was fairly constant among the different groups, 6 to 8%. 
The distribution of the longest duration of GM bursts and the longest pause between 
two consecutive GMs are presented in Table I. Both tended to be shorter in the 
fetuses of diabetic women than in control fetuses. 
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TABLE I. 
Longest duration of bursts of continuous general movement, as well as the longest pause between 
general movements observed at the various ages; durations in seconds. 
Longest burst of general movement Longest pause between general movements 
Week Diabetic Group Control Group Diabetic Group Control Group 
Median Range Median Range Median Range Median Range 
7 1 - 4 415 - 867 
8 7 3 - 20 12 1 - 42 161 124 - 288 294 226 - 939 
9 46 3 - 65 61 24 - 97 219 189 - 657 250 174 - 334 
10 75 32 - 127 96 55 - 139 296 # 152 - 526 340 298 - 595 
11 76 * 45 - 140 111 78 - 192 343 225 - 796 463 304 - 925 
12 81  58 - 143 76 57 - 174 379 221 - 755 466 337 - 721 
13 77 51 - 162 90 53 - 120 342 168 - 653 374 100 - 449 
14 67 44 - 274 106 69 - 167 298 150 - 511 359 208 - 767 
15 68 * 29 - 153 106 85 - 253 239 165 - 596 300 142 - 613 
16 98 42 - 133 68 48 - 139 275 137 - 376 272 188 - 449 
Two observations at 7 weeks in the control group and three at 8 weeks in the diabetic group. 
* = p < 0.02, # = p < 0.05; Mann-Whitney U-test 
Startles 
The developmental course of startles in diabetic pregnancy was found to be com­
pletely different from that seen in the control group (Fig. 4 ). In the latter, startles 
initially showed a considerable increase in incidence, followed by a gradual de­
crease. However, in the diabetic group the incidence gradually increased up to 
16 weeks, without showing a plateau or decrease. After 13 weeks, the incidences 
were similarly distributed. The differences in incidence between the control and dia­
betic group were statistically significant between the 9th and 12th week (p < 0.002). 
Breathing movements 
In both the diabetic and control groups, breathing movements increased rapidly in 
number during the course of development (Fig. 5). Both groups showed large differ­
ences in occurrence, but at all ages studied, the ranges were widest in the diabetic 
group. At 10 to 14 weeks, the fetuses in the diabetic group made significantly more 
breathing movements than the controls. 
Expressed as a percentage of the time spent breathing, a slow increase was found in 
the control group (Fig. 6) from 2% at 1 1  weeks to 6.5% at 16 weeks (median values). 
In the diabetic group, the median incidence was 2.5% at 11 weeks and increased 
rapidly to 15% at 16 weeks. The curves of best fit for the incidence of breathing 
movements are presented in Fig. 7. The incidences of breathing differed significant­
ly between 10 to 14 weeks and at 16 weeks. Generally, the incidence of breathing 
was lower in the postconceptional subgroup, but the differences with those in the 
preconceptional subgroup were not significant, except at 15 weeks (p < 0.02). 
72 
n STARTLES PER HOUR 
1 40 
0 control 
1 20 • preconc. 0 







0 0 60 0 0 0 8 0 8 0 0 0 0 0 




0 A s1..- 8 ... 0 A 
't st• 8 81• 8 A 0 
7 8 9 1 0  1 1 1 2  1 3  1 4  1 5  1 6  1 7  
weeks 
Fig. 4. Number of startles observed in fetuses of diabetic women in the preconceptional CSII 
and postconceptional CSII subgroups as compared to control values. 
The durations of the longest bouts of continuous breathing between the 11th and 
17th week were generally longer in the diabetic group than in the controls (Table II), 
but the differences were significant only at 10 and 13 weeks (p < 0.02). 
Analysis of breath-to-breath intervals revealed that control fetuses made breathing 
movements mostly at intervals of 2 to 3 seconds at 10 and 11 weeks (Fig. 8). During 
the course of further development, these fetuses showed a preference for an interval 
shifted towards shorter intermissions, with a duration of < 1 second dominating after 
15 weeks. In the diabetic group, a gradual shift in the preference interval was also 
found (Fig. 8). Between 10 and 12 weeks, breathing movements were made pre­
dominantly with pauses of 1 to 2 and 2 to 3 seconds. After this age, the 1 to 2 second 
intervals dominated. In contrast to the control fetuses, the proportion of very short 
intervals (0 to 1 second) remained low during the whole period of study. In the 
preconceptional and postconceptional subgroups, the distributions of the intervals 
between consecutive breathing movements were similar. 
Therefore, we can conclude that after 12 weeks, the fetuses of diabetic women 
make more breathing movements, but at a slower rate, than control fetuses. The 
higher incidence of breathing movements made a considerable contribution to the 
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Fig. 5. Number of breathing movements observed in fetuses of diabetic women in the 
preconceptional CSII and postconceptional CSII subgroups as compared to control values. TABLE II. 
Longest duration of bouts of breathing movements and hiccups observed at the various ages; 
durations in seconds. 
Longest bout of breathing movements Longest bout of hiccups 
Week Diabetic Group Control Group Diabetic Group Control Group 
Median Range Median Range Median Range Median Range 
8 0 0 - 21  
9 0 0 - 39 0 0 - 0 0 - 28 12 0 - 35 
10 12 * 0 - 42 0 0 - 45 11 * 0 - 40 28 10 - 46 
11 38 0 - 180 33 0 - 152 21 * 0 - 115 67 3 - 255 
12 49 12 - 132 26 0 - 90 66 19 - 314 101 32 - 169 
13 63 * 4 - 222 26 9 - 81  68 23 - 166 84 31 - 128 
14 52 16 - 165 50 7 - 116 97 15 - 134 72 12 - 161 
15 48 17 - 131 45 12 - 90 46 8 - 307 44 18 - 334 
16 74 29 - 108 38 9 - 268 7 1  25 - 143 59 4 - 376 
* = p < 0.02; Mann-Whitney U-test 
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Fig. 8. Frequency distribution of four distinct categories of intervals between breathing 
movements as observed in the control group (left) and the total diabetic group during the first 
trimester of pregnancy. 
Hiccups 
Hiccups occurred frequently in both the diabetic and control group and their 
incidence showed wide fluctuations. Between the 11th and 16th week, the number of 
hiccups per hour seen in the diabetic group ranged from 0 to 422 and in the control 
group from 4 to 283. The developmental trend of hiccups showed an inverse 
"V"-shape in the control group: an initial rapid increase in incidence up to the 12th 
week, followed by a gradual decline (Fig. 9) . In the diabetic group, such a trend was 
also present, albeit to a lesser degree. The maximum median value was not reached 
before the 14th week. As hiccups did not emerge until relatively late in the fetuses 
of diabetic women, their incidence was low during very early pregnancy (p < 0.02 at 
10 weeks). Afterwards their incidence was generally within the normal range. 
At 10 and 11 weeks, the duration of the longest bouts of hiccups was significantly 
shorter in the diabetic group than in the control group (Table II). Thereafter, the 
values showed a similar distribution in both groups. 
Analysis of the inter-hiccup interval distribution showed a preferred interval of 
between 2 and 4 seconds in both the control and diabetic groups (not shown). In 
contrast to breathing movements, no shift in the preference interval was observed 
during the course of the study period. 
Other movement patterns 
The rate of occurrence of isolated arm (1AM) and leg movements (ILM), isolated 
head movements -retroflexion, rotation and anteflexion of the head- and those of 
hand-face contact, jaw opening (JO), sucking and swallowing, stretch, and yawn is 
presented in Table III. In general, the incidences found in the diabetic group were 
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Fig. 9. Percentage of time during which hiccups occurred in fetuses of diabetic women in the 
preconceptional CSII and postconceptional CSII subgroups as compared to control values. 
less frequently at 9 and 10 weeks in diabetic pregnancy. One movement pattern, 
hand-face contact, was found to occur much more often in the control group. From 
10 weeks onwards, the differences reached statistical significance at all but two 
ages. The limited visualization of the fetus may be incriminated for the discrepancy 
in the number of contacts between the moving hand and the face. 
Maternal metabolic control and fetal activity 
In the diabetic women, the amount of total fetal activity in early pregnancy was 
studied in relation to the quality of metabolic control in the period around 
conception and during organogenesis. The average glucose control in this period was 
judged by the HbA le values obtained between 6 and 8 weeks PMA. These values 
were higher (p < 0.02) in the women with postconceptional onset of CSII treatment. 
The total activity at 9 and 10 weeks was negatively correlated with the HbA l c  value 
at 6 to 8 weeks PMA (Fig. 10, R = -0.53, p < 0.05 and R = -0.61, p < 0.02, 
respectively), but not at older ages. These correlations depended on significant 
correlations between the HbAle value at 6 to 8 weeks and the incidence of GMs. For 
this movement pattern the correlation coefficients at 9, 10, and 11 weeks were -0.59 
(p < 0.05), -0.61 (p < 0.02), and -0.03 (NS), respectively. A study of the relationship 
between the HbA le values after 8 weeks and total fetal activity at any of the various 
ages, yielded no significant results. 
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* = p < 0.002, # = p < 0.02, $ = p < 0.05; Mann-Whitney U-test 
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Fig. 10. Relationship between the incidence of total fetal activity at 9 weeks (left; R = -0.53, 
p < 0.05) and 10 weeks (R = -0.61, p < 0.02) of gestation and the quality of maternal diabetes 
control as judged by the HbA l e  value at 6 to 8 weeks. 
At none of the various ages, the incidence of breathing movements was related to 
the values of HbA le.  A possible relationship between the breathing incidence and 
the glucose levels measured immediately prior to the recording, was studied between 
12 and 16 weeks. At 12, 13 and 15 weeks, the two variables were not correlated, but 
at 14 weeks (glucose levels between 2.5 and 9 mmol/1) the incidence of breathing 
movements tended to be higher when the maternal blood glucose concentration was 
higher. However, the number of observations was small (n= l O) and the correlation 
not significant (R = 0.62). 
Discussion 
Embryos and fetuses of women with type-I -diabetes often show early growth 
delay, delayed emergence of movement patterns and disturbances in the develop­
ment of behavioural states [6-9]. The delay in the emergence of movement patterns 
exceeded that of early growth delay, which suggests that maternal diabetes has a 
specific effect on the early development of the nervous system [8]. 
The present study was undertaken to investigate whether maternal diabetes has an 
effect on the generating mechanism of fetal movement patterns during the first 
trimester. It appeared that there was great similarity between the developmental 
trends of most patterns in both the study and control fetuses and that an initially 
lower incidence in movements was followed by an overall increased incidence. 
The developmental trends in the incidence of fetal movements in normal pregnan­
cy have been published previously [ 16]. In the case of maternal diabetes, only one 
pattern, the startle, showed some dissimilarity. In normal pregnancy, the number of 
startles started to decrease shortly after their onset, whereas in the diabetic group, for 
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unknown reasons, the incidence gradually increased up to the age of 16 weeks. 
As in normal pregnancy, the following trends in the developmental course were seen 
in the diabetic group: a gradual increase in incidence (breathing movement, rotation 
of the head, jaw opening, sucking and swallowing); an increase in the incidence until 
a plateau was reached (general movement, isolated arm movement) ; or an increase 
in incidence followed by a decrease (hiccup, hand-face contact, retroflexion of the 
head); some infrequently occurring patterns showed no clearly defined trend (iso­
lated leg movement, anteflexion of the head, stretch, and yawn). 
Although all the observations were made at the same time of day under standard­
ized conditions, there was great diversity in the incidence of the different movement 
patterns at all ages and in both groups. Owing to the large overlap of values, there 
was no statistical difference in the incidence of most movement patterns between 
both groups. 
The amount of total activity in the diabetic group initially lagged behind that seen in 
the control group, but rapidly increased and exceeded the control values from 
12 weeks onwards. The initially lower total motor output in the diabetic group can 
be explained by the fact that many of the fetuses in this group showed early growth 
delay [7] and delayed emergence of fetal movement patterns, except for breathing 
movements [8]. The delay in the emergence of fetal movements was most profound 
in the fetuses of women in the postconceptional CSII subgroup (whose initial 
glucose control was poor) [8]. The later appearance of movements in the case of poor 
maternal glycaemic control was also reflected by the relationship between the 
HbAl c  value at 6 to 8 weeks and the incidences of general movements at 9 and 
IO weeks. Later on in the first trimester, the fetuses of women with type-I diabetes 
were still smaller in size than the control fetuses [7]. However, in the diabetic group, 
total activity was higher, mainly as a result of an extremely high incidence of fetal 
breathing movements. 
In the embryos of diabetic women, breathing movements emerge at an earlier age 
than in control embryos [8]. An increased incidence of breathing was found in the 
first trimester (this study) and also in the third trimester of diabetic pregnancy [9,14]. 
In normal pregnancy, fetal breathing is related to maternal meals and plasma glucose 
concentration. During the third trimester, significant postprandial increases have 
been found during the second hour, after which the incidence falls again [ 1,2,4, 1 1]. 
Such an increase has also been observed in two [ I 0, 17] out of the three studies 
[5, 10, 17] carried out during the second trimester (20-24 weeks PMA). 
The early emergence and high incidence of breathing movements in the fetuses of 
diabetic women suggest that glucose starts affecting breathing activity from the first 
appearance of these movements and continues to do so thereafter. The design of our 
study (a single glucose determination before the start of the recording) does not 
provide conclusive data on this phenomenon. However, in women with diabetes, the 
underlying mechanism might be unrelated to the actual glucose levels, because no 
clear relationship was found between the breathing incidence and the momentary 
glucose level either in the present study or in a third trimester study [ 19]. 
Studies on fetal sheep have shown that hyperglycaemia results in increased cerebral 
glucose consumption and concomitant CO2 production [ 12]. Hypercapnia increases 
the incidence of fetal breathing movements in both fetal lambs [3] and human fetuses 
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[ 13] and is most likely mediated by fetal chemoreceptors. Fetal breathing move­
ments consume significant amounts of oxygen and glucose. It can be speculated that 
the increased incidence of breathing in the fetuses of diabetic women might be a 
compensatory mechanism for reducing excessive quantities of delivered energy 
substrate. The fact that third trimester fetuses of diabetic women spend less time in 
coincidence lF ("quiet sleep") and have longer activity cycles than control fetuses 
[6,9] might serve a similar purpose. 
Both in the control and diabetic groups, a clear change was observed in the prefer­
ence interval between breathing movements. However, at the end of the first tri­
mester breathing occurred at a slower rate in the diabetic group than in controls. A 
slower breathing rate has also been observed in near-term fetuses of diabetic women 
[9]. The aetiology of this is unknown. In nondiabetic pregnancy fetal breath-to­
breath intervals are not related to glucose levels, in contrast to the amplitude of 
breathing [ 1]. 
The generation of other movement patterns did not differ between the diabetic and 
control groups. Our data gave the impression that the GM bursts in the fetuses of 
diabetic women were of shorter duration and that they moved more frequently than 
control fetuses. However, the measures used were too imprecise to make a definite 
claim and the overall differences were not statistically significant (Table I). In near­
term fetuses of diabetic women, the generation pattern of GMs is the same as in 
controls [9]. 
The generation of hiccups was similar in the diabetic and control groups. In normal 
pregnancy, the preference hiccup-to-hiccup interval (2 to 4 seconds) did not change 
during the course of pregnancy and was also identical after birth [ 16]. 
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Emergence of behavioural states in fetuses of 
type-1 diabetic women Summary 
The aim of this study was to investigate the effects of tightly controlled maternal 
(type- 1-)diabetes mellitus on the development of fetal behavioural states. Seven­
teen diabetic women, who required insulin (White's class C predominantly) and 
were treated with continuous subcutaneous insulin infusion (CSII) therapy, 
participated in the study. Adjustment to an insulin-pump occurred before concep­
tion or during early pregnancy. In all diabetic women (near-)normoglycemia was 
achieved during pregnancy, with glycosylated hemoglobin-values within the 
normal range (6-8 .5% ) .  
Fifty-three 2-h recordings of fetal heart rate, uterine contractions and of 
real-time ultrasound scanning for fetal body movements, breathing and eye 
movements were obtained from the 17 fetuses. The fetuses were longitudinally 
studied between 32 and 40 weeks post menstrual age, at intervals of 2 weeks. The 3 
state variables, fetal heart rate, body movements and eye movements, were 
analyzed for the presence of combinations meeting the definitions of the four fetal 
behavioural states. Findings in the fetuses of diabetic women were compared with 
those obtained from 28 low risk fetuses. 
The criteria of states were met in only 3 of 8 fetuses studied at 38 weeks and in 
one of two studied at 40 weeks. For comparison: in low risk fetuses studied at 38 
and 40 weeks, states were present in 70% and 90% of the cases, respectively. This 
poorly developed state organization exhibited by the near term fetuses of the 
diabetic group, was related to maternal parity, but not to pre- or postconceptional 
onset of CSU-treatment. Fetuses of nulliparous diabetic women showed more 
often asynchrony of transitions (> 3 min) and interruption of periods of concordant 
association. This resulted in significantly higher percentages of 'no-coincidence' 
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and in low incidence of behavioural states as compared with control fetuses of nulliparous women.  In the few multiparous diabetic cases studied near term the development of fetal behavioural states was normal . We conclude therefore that, despite tight control of maternal diabetes, the development of behavioural states is disturbed in fetuses of nulliparous diabetic women.  
Introduction Despite continuing improvement in the outcome of pregnancy for women with type- 1 -(insulin-dependent)-diabetes, the infants still form a high-risk population. Since diabetes mellitus is accompanied by many alterations in maternal homeo­stasis, the environment in which the fetus develops is far from optimal . Among the spectrum of complications related to maternal diabetes, early embryonic growth delay and fetal macrosomia constitute well-known characteristics of diabetic pregnancies. In early diabetic pregnancy the embryo and fetus are often smaller than normal (as judged by the crown-rump length), and at an increased risk of malformations, especially of the nervous system, cardiovascular system and urogenital tract [ 1 6]. During the last trimester the development of macrosomia is still a common feature, reflected by increased body fat, muscle mass and organomegaly (heart, liver) , but not by increased size of brain. On the other hand, retarded maturation of some fetal organs (lungs and renal tubuli) can frequently be observed [ 4]. Behavioural studies conducted in neonates and fetuses of conventionally treated diabetic women indicate that the non-optimal intra-uterine environment inter­feres with the organization of sleep in an adverse fashion. Neonates of diabetic women demonstrated abnormalities of their sleep- cycles: longer periods of REM-sleep, frequent disruptions of non-REM-sleep and EEG-patterns charac­teristic of less mature normal infants [ 1 9,20]. Fetal studies conducted in normal and diabetic pregnancies showed that the doubling of the duration of active and quiet periods, which was observed after 36 weeks of gestational age in the control group, did not occur in the diabetic group at that age [6] ; this also reveals evidence of delayed development of brain function. In low risk fetuses true behavioural states emerge between 36 and 38 weeks of gestation, as has been shown by Nijhuis et al . [ 1 4, 1 5] and van Vliet et al . [26]. The presence of behavioural states in a fetus near term is one of the indicators of the functional integrity of the fetal nervous system . Disturbed function of the central nervous system might be assessed by studying the developmen�al course of fetal behavioural states. At present, continuous subcutaneous insulin infusion (CSII)  constitutes an effective method of achieving and maintaining (near-)normoglycemia in diabetic gravidae [ 1 ] . 86 
We postulated that advanced treatment of diabetic women with CSII improves 
the intra-uterine environment and positively influences the functional develop­
ment of the fetal nervous system.  Hence we investigated, longitudinally, in the 
third trimester of pregnancy, the emergence of fetal behavioural states in tightly 
controlled (with CSII) type- I -diabetic women. Subjects and Methods 
Subjects 
Seventeen insulin-dependent (type- 1 -)diabetic women, with singleton preg­
nancies, participated in this study, after detailed explanation of the investigation 
and informed consent. Eleven women were nulliparous and six multiparous. Their 
mean age was 27 .0 years, range 22-35 years . The mean duration of diabetes was 
1 4.2 years, range 3-30 years. The patients belonged to White 's classes B ( n = l ), C (n  = 1 3) or D (n = 3) ;  none of the women suffered from serious problems because 
of their disease, e.g .  nephro-, neuro- or retinopathy. 
All women were treated with CSII during (the major part of) pregnancy. In ten 
women pump-treatment was started before conception and in seven between 6 and 
1 2  weeks post menstrual age .  In all women (near-)normoglycemia was achieved 
before or in the course of pregnancy ; in the first trimester glycosylated hemoglobin 
(HbA 1 c)-values were increased in 5 women, whereas the values were normal in all 
women during the second and third trimestera. Except for insul in, no subject 
received any medication during pregnancy. Only one woman (case 1 2 , Table I) 
was a heavy smoker (> 1 0  cigarettes/day) . 
Pregnancy dates were based on a known last menstrual period and regular cycle 
length (27-29 days) . In 3 cases cycle length was irregular, but for two of these a 
basal temperature-curve was present. In the third case gestational age was 
estimated on the basis of crown-rump length, determined twice during  early 
pregnancy ; underestimation of gestational age due to early growth delay, which is 
common in diabetic pregnancies [ 1 6 ,25], was obv iated by correc tion of the age . 
The study group included both admitted and ambulatory gravidae. Up to the 
time of entry into this study, the course of pregnancy had been uneventful for each 
subject. During the period of study, pregnancy remained uncomplicated in 1 4  of 
the 17 women .  Two women developed pregnancy induced hypertension (PIH) : one 
at 33 weeks, accompanied with proteinuria, and one at 36 weeks; a third woman 
showed mild pre-eclamptic symptoms at 37 weeks. The clinical data of the diabetic 
women are summarized in Table I. 
Recording 
Continuous on-line recording sessions, lasting 2 h were made in a quiet room 
between 1900 and 2 100 h. Recording started about i h after the evening 
8The content of glycosylated hemoglobin was measured by a colorimetric method described by Fliickiger and Winterhalter [8]; values between 6 and 8 .5% were considered to be normal. 
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time in min. Fig. 1 .  Example of a 1 35-min recording made in a fetus of a diabetic woman at 36 weeks of gestation. From top downwards, fetal heart rate patterns (FHRP), fetal heart rate tracing (FHR), occurrence of fetal body, eye and breathing movements, and of uterine contractions are given. Coincidence of 1 F  and 2F parameters is indicated by C l F  and C 2F, respectively. Of the four transitions, only the transitions into and out of the period of C lF in the righthand part of the recording are synchronized. This fetus showed true behavioural states when studied at 38 weeks. 
meal, with the woman in a comfortable semi-recumbent position, slightly tilted to 
the left. Fetal heart rate (FHR) was monitored using a cardiotocograph by means 
of Doppler ultrasound (Hewlett Packard 8040 A) . The FHR-signal was also 
recorded on an event recorder (Hewlett Packard 77 54 A) at a paper speed of 
1 mm/s and stored on a magnetic-tape recorder (Philips, Analog-7). 
Fetal activ ity was identified by means of 2 linear-array real-time ultrasound 
scanners (Aloka, Model SSD-256 and Siemens, Imager 2300). One observer 
recorded fetal eye movements, another one fetal body and breathing movements. 
All types of movements were recorded by means of handheld pushbuttons on the 
event recorder together with the FHR-signal ,  and were also stored on the 
magnetic tape. An example of a compressed 2-h record is shown in Fig .  1 .  
Gestational age at the time of the first recording ranged from 30 to 3 8  weeks, 
and each fetus was studied at intervals of 2 weeks until delivery. The number of 
recordings per fetus ranged from 1 to 5. The distribution of observations among 
the 1 7  subjects with respect to gestational age, and the means and ranges of 
recording times are given in Table II. Viewing of the fetal eye was not always 
satisfactory: four 2-h recordings had to be excluded as recording of fetal eye 
movements was unsatisfactory for the majority of observation time . Hence, the 
study was based on forty-nine 2-h sessions. 89 
TABLE II Distribution of observations by gestational age and fetus Fetus no. Gestational age (weeks) 
30 32 34 36  38  40 
1 + + + + + 
2 + + + + 
3 + + + + 
4 + + 
5 + + + 6 + + + 
7 + + + 
8 + + + 
9 + + + + 
1 0  + + + 1 1  + + + 
1 2  + + + + 
1 3  + + 
14  + + + + 
1 5  + 
1 6  + + + + 
1 7  + No. of fetuses: 2 1 2  1 4  1 4  9 2 Recording time (min) 
Mean: 1 20 1 1 9 1 22 1 19 1 23 98 Range : 1 1 0- 1 20 1 20-132  70- 134 1 20-148 76- 1 20 Behavioural states 
According to Nijhuis et al . [ 1 5], four fetal behavioural states are defined by 
specific combinations of parameters of 3 state variables : FHR (pattern A, B, C or 
D), presence or absence of fetal body movements and presence or absence of fetal 
eye movements. These combinations are specified below and summarized in Fig. 
2a. A profile of each state variable was made using a 3-minute moving window. 
This was carried out separately for each variable without knowledge of the 
condition of the other variables . Examples of the FHR-patterns are illustrated in 
Fig. 2b. The profiles of the individual state variables were combined for analysis of 
periods of coincidence of the state variables and of behavioural states. 
Periods during which the parameters of the state variables were present in one of 
the specific combinations were called 'periods of coincidence lF through 4F', 
respectively. Periods during which the parameters of the state variables did not fit 
one of the specified combinations were called 'periods of no-coincidence'. 
To accept the presence of behavioural states, additional criteria are required : 
duration of stable association of the parameters (minimum: 3 min) and simultaneity 
of change (i .e . ,  within 3 min) of the three state variables at transitions. The specific 




State variable State lF  State 2F State 3F State 4F Body movements Incidental Periodic Absent Continuous Eye movements Absent Present Present Present Heart rate pattern A B C D 
FHR (b pm) 
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FH R P  
r:--1 -:-, m i n .Fig. 2. (a) Criteria for fetal behavioural states, represented as vectors. (b) Examples of the four distinct fetal heart rate patterns. In FHRP B, accelerations are excluded (indicated by dotted area). 
State 1 F: quiescence, absence or incidentally occurring body movements, mostly startles ; eye movements absent; fetal heart rate stable with a narrow oscillation bandwidth. Isolated accelerations occur strictly related to body move­ments (heart rate pattern A). 
State 2F: frequent and periodic body movements ; eye movements continually present; fetal heart rate with a wider oscillation bandwidth than pattern A, and frequent accelerations associated with body movements (heart rate pattern B). However, these accelerations are excluded for the definition of pattern B ,  which is only identified in episodes without body movements. 
State 3F: gross body movements absent; eye movements continually present; stable fetal heart rate, but with a wider oscillation bandwidth than pattern A and a more regular oscillation frequency than pattern B (heart rate pattern C) .  There are no accelerations. 
State 4F: vigorous body movements continually present ; eye movements 
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present (when observable) ; fetal heart rate unstable, with large and prolonged 
accelerations often fused into sustained tachycardia (heart rate pattern D). 
The findings from the fetuses of CSU-treated diabetic women were compared 
with those obtained from fetuses of 14 low risk nulliparous women [26] and 14 low 
risk multiparous women [ 14]. The procedure of analysis was exactly the same for 
all three groups. Moreover, all FHR-recordings obtained from the three studies 
were judged by one and the same person (H.F.R.P.), according to the predefined 
criteria. This consistency justifies the comparison of the three different groups in 
the present study. 
Statistical comparisons were carried out using the Mann-Whitney U-test. The 
significance values given are based on two-sided tests. 
Outcome of pregnancy 
Delivery took place between 36 and 4 1  weeks of gestation (Table I) . Ten fetuses 
were born vaginally and seven by Caesarean section (C .S.) ; no congenital 
malformations were observed at birth or later. According to the birthweight 
distribution for the Dutch population [ 10], one infant was small-for-date (birth­
weight < 1 0th percentile) and five were large-for-dates (birthweight >90th per­
centile) ; two of the latter infants had a weight above the 97.7th percentile (Table 
I) . 
Only one infant had a low Apgar score at 3 min (case 3 ,  Table I) . This infant was 
born after a difficult breech delivery and suffered during the neonatal period from 
prolonged respiratory problems. Acidemia at birth (pH of umbilical artery blood 
<7 . 1 5) was present in two cases :  a very heavy fetus delivered by C.S. under 
epidural anaesthesia (case 5, Table I), and an infant delivered by C.S. after a 
long-lasting induction of labor. During the newborn period two infants developed 
hyperbil irubinaemia and required photo-therapy. 
Neurological examination according to the method of Prechtl [ 18], was carried 
out in 1 5  out of the 17 infants, at 5-7 days of age.  Results 
Coincidence of state parameters 
In 1 5  recordings from 10  fetuses, a fetal heart rate pattern (FHRP) was observed 
which could not be identified as one of the 4 distinct patterns shown in Fig. 2b. This 
pattern, called FHRP A-apostrophe (FHRP A'), resembled the heart rate pattern 
A, but was more unstable than normally seen in A. However, the heart rate was 
definitely more stable than during pattern B. We refrain from providing absolute 
numbers of heart rate bandwidth as there are considerable interindividual 
differences and a trend over gestational age [23]. Two examples of FHRP A' are 
shown in Fig . 3. This relatively unstable FHRP A' was coded separately. We could 
not find an explanation for the instability, i .e .  it was not caused by sucking or 
breathing movements. Although periods of FHRP A and FHRP A' were some­
times observed during one and the same 2-h recording (Table III), FHRP A' 
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�1 m i n. 
[160 [1 2 0  F H R  {bpm) Fig. 3. Two examples of fetal heart rate pattern A-apostrophe (A'), one without (above) and one with accelerations (below) ; the latter are associated with bouts of body movements. As noted for pattern B, these accelerations (indicated by dotted area) are excluded for identification of the heart rate pattern. TABLE III Distribution of recordings with periods of FHRP A and FHRP A' in relation to gestational age in fetuses of diabetic gravidae Fetus no. 1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  Total no. recordings: No. recordings with FHRP A: No. recordings with FHRP A': No. recordings with Caine. 1 F: No. recordings with Caine. lF' :  FHRP A 30 32 + + + + + 2 1 1  0 5 0 5 34 36 + + + + + + + + + + 1 3  10  10 + + + + + + + + + 1 3  9 9 38 40 + + + + + + 8 6 6 + 2 FHRP A' 30 32 + + + 2 1 1  2 () 2 34 + + + + + 1 3  5 4 36 38 + + + + + + 13  6 5 + 8 40 2 0 0 
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always lasted uninterruptedly for a whole episode and was not immediately 
preceded or followed by FHRP A. The distribution of the recordings with periods 
of FHRP A and/or FHRP A' is given in relation to gestational age (Table III). 
Epochs during which FHRP A or FHRP A' was present and both fetal body and 
eye movements absent, were called periods of coincidence I F  (C I F) or coin­
cidence 1 F-apostrophe (C 1 F'), respectively. All recordings with periods of FHRP 
A also showed periods of coincidence 1 F, whereas the presence of FHRP 
A'-periods corresponded with periods of coincidence 1 F' in 1 2  out of 1 5  
recordings (Table I I I ) .  
During the developmental course none of the measurements of coincidence 
1 F-4F, percentage of observation time or duration of enclosed epochs, differed 
significantly between the fetuses of null iparous and mul tiparous diabetic women. 
The same was true for the fetuses of diabetic gravidae adjusted to CSII before or 
after conception. Hence, the findings from all fetuses of the study group were 
combined and compared with those from the control fetuses . 
The developmental course of the coincidence of state parameters is shown for 
the fetuses of diabetic women (Table IV and Fig. 4) and for the low risk fetuses 
(Fig. 4). Medians, quartiles and ranges of coincidence 1 F-4F and of 'no­
coincidence' are given, expressed as percentages of the entire observation time. 
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TABLE IV Distribution of the percentage of coincidence and no-coincidence per recording in relation to gestational age in fetuses of diabetic gravidae Gestational age (weeks) 
--30 ( N =  2) 32 (N = 1 1 ) 34 (N = 1 3) 36 (N = l 3) 38 (N = 8) 40 (N = 2) Coincidence Median 0 1 4.5 1 1  2 1 .5 l value I F  Q,-Q3 - 0-1 1 .5 4.5- 1 7.5 0-27 6-29 ( 1 9) range 0-34.5 0-22 0-36 0-36 Coincidence Median 2 values 4 values 5 values l value I F' 0 1-Q3 (4 ; 9.5) ( 1 1 ;  1 2 .5 ;  1 5 ;  29) (3 .5 ;  5 ;  5 .5 ;  9 ;  2 1 ) (3 1 ) range Coincidence Median 2 values 4 1 .5 47 .5 49.5 47 2 values 2F Q,-Q3 (47.5 ;  58 .5) 36-57.5 42.5-53.5 38.5-54 43 .5-52.5 (59 ; 7 1 ) range 25-7 1 23-69 2 1-84 39-57.5 Coincidence Median 1 value l value 3F 01-Q3 - - (4) ( 1 7  .5) range Coincidence Median 1 value 3 values 2 values 4F Q ,-Q3 (4) (5 .5 ; 6 ; 1 3) (6 ; 7) range No Median 2 values 43.5 32 25.5 34 2 values coincidence Q,-Q3 (4 1 .5 ;  52.5) 30.5-55 22.5-39.5 1 9-40.5 1 5-38.5 ( 1 0; 4 1 )  range 29-65 1 6.5-62 1 0-60.5 8.5-54 Median percentages, quartiles and ranges per age group. N, number of fetuses. 
Both the fetuses of the study group and control group show clearly an increase of the percentage of coincidence lF with increasing gestational age. As many of the study group fetuses did not show an epoch of coincidence lF at all (Table III), the medians and the 25th percentile-values were below the corresponding values of the control fetuses. Because of great overlap in the percentages of coincidence lF they did not differ significantly between both groups at  the gestational ages studied. The percentage of coincidence 2F was generally similar in both groups, and remained unaltered during the period of study. None of the differences between the two groups was statistically significant (Table IV and Fig . 4). While in the control group the percentage of 'no-coincidence' decreased significantly during the developmental course\ this did not occur in the study group. The median percentage of 'no-coincidence' was higher at all gestational ages in the diabetic group, and the values, except at 36 weeks, differed significantly from those in the low risk group (Table IV and Fig .  4). From these data it has to be concluded that the fetuses of type-1 -diabetic women exhibit poor synchronization of the separate state variables near term. Periods of coincidence 3F and 4F were more rarely seen in the study group than in the control group ; all observed values were within the normal range (Table IV). TABLE V Distribution of the mean durations in minutes of enclosed epochs of coincidence l F, l F' and 2F in each recording in fetuses of diabetic gravidae Gestational age (weeks) 
30 (N = 2) 32 (N = 1 1) 34 (N = 1 3) 36 (N = 13) 38 (N = 8) 40 (N = 2) 
n 0 5 8 9 6 Coincidence Median 7.5 1 1 .5 17  1 7 .5 1 value 1 F  01-03 4-1 3 .5 7-1 6 1 2 .5-24.5 1 3 .5-24.5 (1 4.5) range 3 .5-15 .5  5 .5-28.5 3-29.5 7.5-33 
n 0 2 2 5 0 Coincidence Median 2 values 2 values 6 1 value l F' 01-03 (5 ; 9.5) ( 1 6.5 ;  17 .5) 5- 1 3  (23) range 4-2 1 
n 2 1 0  1 2  1 1  6 2 Coincidence Median 2 values 8 1 2  1 7  1 3 .5 2 values 
2F 0 1-03 (1 4.5 ; 1 9 .5) 4.5-10.5 8 .5-1 7 14.5-2 1 8.5-30 (4.5 ; 1 8 .5) range 3-1 6  5 .5-35 8.5-45.5 6.5-3 1 Medians, quartiles and ranges per age group. N, number of fetuses; n, number of recordings showing enclosed periods of coincidence IF, I F' and 2F. 
0The difference between 34 and 38 weeks was tested; P < 0.05, Wilcoxon signed-rank test. 
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A second measurement of stable association of the state parameters is the duration of enclosed epochs (i.e., epochs beginning and ending during the observation period) of coincidence lF and 2F. The expected increases of these mean durations with age, as known from the low risk fetuses, were also observed for the study group fetuses (Table V and Fig. 4). The duration of enclosed epochs of coincidence lF and 2F were generally similar; significant differences were not obtained between the two groups at any age. The ranges for the coincidence 2F durations were, however, markedly larger in the low risk group at all gestational ages studied. This indicates shorter duration of enclosed epochs of coincidence 2F in the fetuses of diabetic women, caused by interruption of the periods of concordant association, which is also reflected by the (already mentioned) high percentage of 'no-coincidence'. In the fetuses of the study group, periods of coincidence lF and lF' were frequently interrupted by episodes of fetal body movements, which is, in contrast to the occurrence of startles, uncommon in low risk fetuses after 36 weeks of gestation8• During periods of coincidence lF interruptions by body movements were seen in 4 of 5 fetuses which exhibited coincidence lF epochs at 32 weeks, 6 of 10 at 34 weeks, 3 of 9 at 36 weeks and 3 of 6 at 38 weeks. The period of coincidence lF shown by one of the two fetuses studied at 40 weeks was not interrupted by body movements. During periods of coincidence lF', interruptions were observed in one of the two fetuses showing periods of coincidence lF' at 32 weeks, 3 of  4 at  34 weeks, one of 5 at  36 weeks and in the only fetus at  38 weeks. Behavioural states The existence of behavioural states was accepted if 3 requirements were fulfilled: coincidence of the 3 state variables, duration of stable association for 3 min or more, and simultaneity of change within 3 min. Behavioural states were present in one of 13 fetuses studied at 34 weeks, 3 of 13 at 36 weeks, 3 of 8 at 38 weeks and in one of two fetuses at  40 weeks. Fetuses showing states at  34 and 36 weeks met the criteria for the presence of states only during part of  the observation period. Besides an enclosed epoch of State lF, in each of these 4 recordings an enclosed epoch of coincidence lF or lF' was present, with asynchronous tran­sitions (> 3 min) into and/or out of coincidence lF and lF'. In one of these recordings the transitions into and out of coincidence lF were synchronized, but the preceding and following periods of coincidence 2F did not reach the necessary duration of 3 min. At 38 weeks one fetus showing an enclosed epoch of State lF, also exhibited an epoch of coincidence lF with an asynchronous transition into coincidence lF. The two other fetuses showed definite states. The fetus with definite states at 40 weeks did not meet the criteria for the acceptance of states when studied at 38 weeks. The other fetus studied at 40 weeks did not even show any period of coincidence lF or lF' during the entire observation period. •Episodes of fetal body movements were regarded, if during the 3-min window, bouts of body movements occurred lasting 1 0  s or more. 
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0 1 0  2 0  3 0 4 0 m i n. Fig. 5. Profiles of state variables at 32 weeks (above) and at 38 weeks of gestation (below) in one fetus of the diabetic group. Coincidence of 1 F and 2F parameters is indicated by C 1 F and C 2F, respectively. At both 32 and 38 weeks the state variables appear to cycle independently of one another. At 38 weeks prolonged periods of stable association of the state parameters do not occur and behavioural states can not be identified. The main reason that states could not be identified in the remaining fetuses studied at 36 and 38 weeks was asynchrony of transitions (Fig. 5 ) .  At 36 weeks, 9 of 14 transitions into or out of coincidence lF  lasted longer than 3 min in the fetuses in whom states were not identified, compared with 2 of 1 0  in the fetuses which did show behavioural states (for coincidence l F' the values were 5 of 6, and one of two, respectively) . In the 3 fetuses with states present at 38 weeks, only one of 6 transitions into or out of State l F  was not completed within 3 min, compared with 5 of 13  transitions into or out of coincidence 1 F in the remaining fetuses (for coincidence l F' the values were 2 of 4, and not observed, respectively). Two of the latter fetuses showed synchrony of transitions into and out of coincidence 1 F, but the other criterium for the presence of states : duration of stable association of the state parameters for at least 3 min, was not fulfilled, since the periods of coincidence 2F preceding or following the enclosed epoch of coincidence 1 F were shorter than 3 min. This phenomenon also occurred in the recording made at 36 weeks in one of these 2 fetuses. At both 36 and 38 weeks the numbers of transitions from 2F into l F  combinations (either coincidence or state) ,  and from lF into 2F combinations, that were completed within 3 min were similar. For both gestational ages together (i .e . ,  both those with states present and those without states), 1 2  of 21 transitions from 2F into lF, and 14 of 22 from l F  into 2F, occupied not more than 3 min. Moreover, only one of 6 transitions from 2F into lF', and 3 of 6 from lF' into 2F were synchronized. 
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TABLE VI 
Distribution of percentages of behavioural states in fetuses of diabetic women and in low risk fetuses 
Gestational age (weeks) 
Fetuses of diabetic women Low risk fetuses 
38 (N = 3) 40 (N = 1 )  38 (N = 1 9) 40 (N = 1 5) 
Median 3 values 1 value 29 38 
State I F  01-03 ( 14 ;  22.5; 43.5) ( 19.5) 19-39 25-44.5 
range 7-54 0-52.5 
Median 3 values 1 value 50.5 46.5 
State 2F 01-03 (39.5;  47.5; 52) (69.5) 34-64 4 1-57 
range 23-76 22-80 
Median 2 values 3 values 
State 3F 01-03 (6.5 ;  8) (2 .5;  5 .5 ;  5 .5) 
range 
Median 2.5 0 
State 4F 01-03 0-1 8.5 0-10 
range 0-25 0-76 
Median 3 values 1 value 9 0 
No state 01-03 (9 ; 26; 47) (1 1 )  4-14.5 0-8 
identified range 0-53 0-26.5 
Median percentages, quartiles and ranges of each gestational group. 
TABLE VII 
Durations (min) of enclosed epochs of behavioural states 1 F and 2F in fetuses of diabetic women and in 
low risk fetuses 










Gestational age (weeks) 
Fetuses of diabetic women 
38 (N = 3) 
3 values 
( 1 1 .5 ;  33 ;  52) 
3 values 
(23 .5 ;  30; 3 1 )  
40 (N = 1 )  
1 value 
( 1 4.5) 
1 value 
(24.5) 
Low risk fetuses 
38 (N = 1 9) 40 (N = 15) 
2 1  26 
1 3-26.5 23-30 
8.5-37.5 1 2 .5-36 
16 1 3  
20 9.5 
1 0-26.5 5-42.5 
4-82 4-54.5 1 3  8 
Medians, quartiles and ranges of each gestational group. N, number of fetuses; No. rec. ,  number of 
recordings showing enclosed epochs of states 1 F and 2F. 
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For the few cases in the study group with behavioural states present, the percentual distribution of states and the durations of enclosed state epochs are given in Tables VI and VII, respectively. The corresponding values for the low risk fetuses are also shown in Tables VI and VII. The percentages of State lF and State 2F found for the fetuses of the study group at 38 weeks were (almost) within the interquartile range of the corresponding values in the control fetuses. The percentage of 'no-state identified' was relatively higher in the fetuses of the diabetic women. The mean durations of State lF and State 2F were generally similar in both groups. Because of the small number of data in the study group, statistical testing could not be performed. The fetuses with true states at 38 and 40 weeks' gestation had birthweights between the 10th and 75th percentiles. No relationship between the development of behavioural states and macrosomia at birth could be studied, as 4 of the 5 macrosomic fetuses were delivered before 38 weeks of gestation (Table I). Remarkably, the only macrosomic fetus studied at 38 weeks showed no period of FHRP A or A' during the 2 h of observation. On the other hand, the one fetus showing no period of FHRP A or A' at 40 weeks had a birthweight between the 25th and 50th percentiles. The effects of parity on coincidence and behavioural states Among the low risk cases, fetuses of multiparous women had somewhat better developed behavioural states than those of nulliparous women [ 14,26]. Examining the effect of parity in diabetic gravidae, we split the study group into nulli- and multiparae. It became clear that a difference in the percentage of 'no-coincidence' exists only to a significant degree between the low risk and diabetic nulliparous groups, i.e. at 34, 36 and 38 weeks (P < 0.02), but not among the multiparae (Fig. 6). The development of behavioural states provided a similar picture. A difference was also seen only in the nulliparous groups, but the small number of cases made statistical testing impossible. The exact numbers are given in Table VIII. It is TABLE VIII Presence of definite states at 38 and 40 weeks of gestation Diabetic Low risk group group (N = 8) (N = 27) Yes/No Yes/No n = 6 n = 1 3  Nulliparae 2/6 1 1 /9 n = 2 n = 1 4  Multiparae 2/0 23/0 Total 4/6 34/9 Given is the number of recordings with states present (Yes) and absent (No) per subgroup. N, number of fetuses in study and control group; n, number of fetuses in each of the subgroups. 
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Fig. 6.  Percentages of 'no-coincidence', given for each recording made in fetuses of diabetic and low 
risk women (*). Both groups were split into nulli- and multiparae. For the two diabetic subgroups 
distinction was also made in cases in whom CSU-treatment was started before (e) or after (A) 
conception. important to note that the poor synchronization of the state variables shown by the fetuses of nulliparous diabetic women after 36 weeks of gestation, was not related to pre- or postconceptional onset of CSU-treatment (Fig . 6) . 
Discussion The observations demonstrate that the development of behavioural states in fetuses of type- I -diabetic women is frequently disturbed. Three of eight fetuses in the diabetic group studied at 38 weeks of gestation showed behavioural states, compared with 19 out of 27 low risk fetuses. At 40 weeks of gestation only one of the two studied fetuses had states, whereas 1 5  of 1 6  low risk fetuses exhibited true states at this age. As has been shown for low risk fetuses, certain aspects of brain development can be assessed by studying the emergence of fetal behavioural states. In the course of normal fetal development the cycles of the separate state variables become more and more linked, as seen by increasing coincidence of particular parameters, increasing duration of state epochs and simultaneity of the changes of the separate variables. At about 36 to 38 weeks of gestation the linkage of the state variables is more or less complete and behavioural states are present. The simultaneity of change of the state variables did not improve during the course of pregnancy in most of the diabetic cases. This resulted in higher percentages of 
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'no-coincidence' at all gestational ages studied, and in a low incidence of true states at 38 and 40 weeks of gestation. These results, however, were found only for the fetuses of the nulliparous diabetic group. These fetuses showed many asynch­ronous transitions from one particular set of state parameters to the other. Apparently, linkage of the state variables is in this group not as complete as it is in control fetuses of nulliparous women after 36 weeks of gestation [26]. Moreover, in this diabetic group, periods of concordant association of coincidence 1 F were often disturbed by bouts of fetal body movements. This phenomenon, which is rarely seen after 36 weeks in control fetuses, also creates the impression that near term fetuses of nulliparous diabetic women have a functional brain development which resembles that of less mature normal fetuses . The fetuses of the multiparous diabetic women showed, on the other hand, a normal state cycling, but as the number of patients in this group was very small, no conclusion can be drawn without further investigation. More than 1 5  years ago, Schulte et al . [ 19-2 1 ]  already provided evidence of disturbed development of behavioural states in newborn infants of diabetic mothers (IDM's) . Polygraphic recordings were made in 1 4  infants (of insulin­dependent, dietary controlled and gestationally diabetic mothers) at a mean gestational age of 38 weeks and 5 days post partum on average. These infants were compared with normal infants of the same age. The EEG-patterns resembled those of less mature normal infants, i .e . of 36 weeks or younger, and motor behaviour of a large number of IDM's was judged as hyperexcitable [ 1 9 ,2 1 ]. Sleep states were identified exclusively on the basis of absence or presence of eye movements. The duration of a complete sleep cycle (REM- and non-REM-sleep) was identical in both groups (almost one hour), but the percentage of REM-sleep was significantly higher, and the duration of non-REM-sleep periods was shorter in IDMs. Moreover, in the latter group respiration tended to be more irregular and had a higher frequency during periods of non-REM-sleep, which state was also more frequently disturbed by occasionally occurring eye movements than in normals [20]. These findings are characteristic of sleep of more immature infants. Studies of fetal behaviour in pregnancies complicated by maternal diabetes are almost non-existent. Dierker et al . [6,7] recently evaluated the development of fetal brain function in the third trimester of diabetic pregnancy by determining active and quiet periods of fetal activity. Active and quiet periods, each lasting 3 min at least, were based on simultaneous observations of fetal body movements and long-term heart rate variability. In the first study [6], they observed, for normal fetuses studied at 36-40 weeks, doubled length of both active and quiet periods, as. compared with findings obtained at 28-32 weeks . This increase of cycle length was not found for fetuses of insulin-dependent diabetic women. In the second study [7], they noted again a shorter duration of the rest-activity cycle in the term diabetic group, mainly resulting from shorter duration of the quiet periods. They suggested delayed development of fetal brain function in diabetic pregnancies. In the above cited studies maternal diabetes was controlled by conventional insulin-therapy. Our hypothesis, that advanced treatment of diabetic women with CSII might impr�ve the intra-uterine environment, appeared not to be true. 
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Although all diabetic women were well-controlled, as indicated by the normal HbAlc-values assessed at various moments during pregnancy, the emergence of fetal behavioural states was disturbed, at least in nulliparae. Functional fetal brain development was affected apparently in the same way as found for infants of less well-controlled diabetic mothers [20]. No evidence was obtained that adjustment to an insulin pump (long time) before conception positively affected behavioural performance in late gestation .  Tight metabolic control o f  maternal diabetes by  CSII prevents neither delay in emergence of fetal behavioural states, nor other 'classic' phenomena related to diabetic pregnancy. Embryonic and fetal growth delay in early pregnancy has been reported [ 16,25], even in pregnancies of women already preconceptionally treated by CSII. Also, a strict glucose regulation seems not to prevent fetal macrosomia and altered maturation of the placenta. In CSII-treated women we can still find infants with a birthweight >90th percentile in about 30% of the cases, with approx. 10% weighing more than the 97 .7th percentile . No correlation with blood glucose nor glycosylated hemoglobin-values was present [24]. Others also reported macrosomia, cardiomegaly and thickened cardiac septa in strictly controlled diabetic pregnancies [ 4, 1 1 ] .  Morphological examination of the placentae shows, among other abnormalities, a relative immaturity with a continuous cyto­throphoblast and prominent syncytiothrophoblast [ 12] .  Thus, the problem in diabetic pregnancy seems to be more than glucose control alone. Recent psychological follow-up investigation in a number of infants of diabetic mothers born in our hospital (including those reported on in this paper), suggested that the disturbed neurological function observed antenatally, was not absolute but transient. All infants performed well on psychological tests carried out at an age between 1 5  and 30 months [9]. Similar findings have been reported by others, who found no impairment of intellectual status of IDMs at an age of 5 years [ 1 7] or 7 years [5]. The results of these follow-up studies suggest that the long-term prognosis of IDMs has improved since the sixties, when Churchill et al . [3] reported that mothers who had had acetonuria during pregnancy (badly controlled diabete� ! ?) had offspring with IQ-scores lower than those of controls at 4 years of age. Although re-examination of the same data showed that these findings could be explained by amniotic fluid infection and were not due to hyperketonemia during pregnancy [ 1 3], still other authors do report moderate [22] or high incidence [2,27] of cerebral dysfunctions in IDMs. 
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Body and breathing movements 
in near-term fetuses and newborn infants 
of type-1 diabetic women 
The generation of body and breathing movements was studied in relation to 
behavioural states in near-term fetuses (n= l 2) and newborn infants (n=7) of women 
with well-controlled type- 1 diabetes. Results obtained from low-risk fetuses (n= l 2) 
and neonates (n= 14) were used for comparison. Before birth, 2-h recordings were 
made of fetal heart rate and of fetal body movements, breathing and eye movements; 
the neonates were studied polygraphically during 6 h for heart rate, body move­
ments, respiration, eye movements and EEG-pattern. 
The generation of body movements was similar in the fetuses of the diabetic and 
control group. After birth, the duration per burst was longer in the diabetic group, 
both in state 1 and state 2, resulting in increased incidences. 
The incidence of fetal breathing movements tended to be higher in the diabetic 
group, but differences with the control group did not reach statistical significance. 
Breathing rate was considerably slower in fetuses of diabetic women than in control 
fetuses, both in C I  F (p < 0.00 I )  and C2F (p < 0.002). This indicates altered regu­
lation of breathing movements in diabetic pregnancy. In the neonates, breathing rate 
was identical in both groups. In either group, breathing was slower in state I than in 
state 2; such a difference was not present before birth. Periodic breathing occurred 
more often in the infants of diabetic women, especially in state 2 (p < 0.02). 
Behavioural state organization was poor in the diabetic group, both before and after 
birth, and resembled that of more immature fetuses and infants. The continuity of the 
poor behavioural state regulation from prenatal into postnatal life indicates that this 
cannot be attributed to the instantaneous unfavourable condition before birth. 
Introduction 
Maternal type- I diabetes poses a risk to the developing fetus. The risk for struc­
tural malformations of the fetal nervous system is increased in diabetic pregnancy 
[6]. Evidence for abnormal functional development of the central nervous system 
(CNS) exists also. Breathing movements emerge earlier [ 1 2,33] and are more 
frequent in fetuses of women with diabetes than in control fetuses [ 13,27]. More­
over, disturbances have been found in the emergence and organization of behav­
ioural states in fetuses [7, 1 1 ] and newborn infants [28] of diabetic women. No 
information is available on the incidence of body and breathing movements related 
to behavioural states in diabetic pregnancy. 
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The present investigation comprises behavioural observations on near-term fetuses 
and newborn infants of women with type-I diabetes. Behavioural state regulation 
and motor output in relation to state are compared in the same individuals before and 
after birth. Both variables are indicators of possible neural dysfunction under 
compromizing prenatal conditions and may also be used postnatal ly. 
The specific questions for the present study are: 
1. Are there differences in the state-related generation of body movements between 
fetuses of diabetic women and fetuses of a control group? If so, are these differ­
ences still present after birth? 
2. Does the generation of fetal breathing movements in the diabetic group differ 
from that in control fetuses? Are there differences in the pattern of breathing be­
tween both groups after birth, when breathing is continuous? 
3. Is there a continuity in state organization before and after birth, and is there a 
difference with control subjects? 
Subjects and Methods 
Subjects 
Prenatal study 
Twenty-four women at 38 weeks of pregnancy participated in this part of the study. 
Twelve were insulin-dependent (type-I) diabetic women. Nine of them had been 
involved in a longitudinal study which described the emergence of fetal behavioural 
states in the third trimester of pregnancy [ 11 ]. All women were treated with con­
tinuous subcutaneous insulin infusion (CSII) during pregnancy. (Near-)normogly­
caemia, as judged by the HbA le-values*, was achieved before conception or in the 
first months of pregnancy, and were maintained during the second and third tri­
mester. The average of the mean HbA 1 c content per patient in the third trimester was 
6.2% (SD 0.4%, range of means 5.6-6.8%). Complications occurred in two pregnan­
cies: one woman developed pregnancy induced hypertension with proteinuria at 
33 weeks and the other one showed mild pre-eclamptic symptc,ms at 37 weeks' 
gestation. 
The other twelve subjects were healthy women with pregnancies that had pro­
gressed normally until term. They served as controls and were matched for maternal 
age, parity and gestational age. Estimated fetal body weight at the time of recording 
was also matched as nearly as possible. 
Relevant clinical data on the subjects and fetal outcome are summarized in Table 
I. The control fetuses had about the same birth weight as the fetuses in the diabetic 
group, but the latter were delivered about 1 week earlier (p < 0.01 ).  
Postnatal study 
Seven infants of diabetic mothers (IDMs) and fourteen control infants underwent 
a polygraphical recording. The infants serving as controls were others than those in 
*HbAl c-values above 8.5% were considered to be abnormal. 
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TABLE I. 
Clinical data of the gravidae, their fetuses and infants. 


















20 - 36 
Duration of maternal diabetes (yrs) 
Mean 12.5 
Range 4 - 21 
Onset of CSII 
Preconception (n) 6 
Postconception (n) 6 
White's class (no. of patients) B 2 
C 9 
D 
Birth weight (g) 
Mean (SD) 3297 (627) 3573 (465) 
Range 2200 - 5000 2400 - 4210 
Distribution of birth weight percentiles 
(no. of fetuses) 
< 5  l 0 
5 - I O  0 l 
I O  - 25 2 0 
25 - 50 3 4 
50 - 75 2 
75 - 90 2 4 
> 90 2 2 
Fetal sex distribution (n) 
Female 5 6 
Male 7 6 
Postmenstrual age at birth (wks) 
Mean 38 +6 40 +1 * 
Range 38 +0/40 +2 38 +4/41 +5 
Postmenstrual age at polygraphy (wks) 
Mean 
Range 
- = not relevant; 
Postnatal Study 
Matched Non-matched Diabetic 
Group 
(N= 7) 
Control Group Control Group 
26.5 





















37 +3/38 +6 
39 +5 
38 +5/41 +5 
(N= 7) (N=14) 
26 26.5 
23 - 28 23 - 36 
3144 (230) 3251 (567) 










39 +2 $ 39 + I  # 
37 +5/40 +5 37 +5/40 +5 
39 +6 39 +6 
38 +3/41 +4 38 +3/41 +4 
* = p< 0.01 (Wilcoxon test); $ = p< 0.02 (Wilcoxon test); # =  p< 0.05 (Mann-Whitney U-test) 
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the prenatal study. Between the two groups no significant differences existed with 
regards to birth weight, postmenstrual age (PMA) of the infants at polygraphical 
recording, or maternal age (Table I). However, the IDMs were born about one week 
earlier than the controls (p < 0.05). For several purposes the IDMs were matched for 
PMA at polygraphy with 7 of the control infants. Polygraphical recordings were 
made on average at 40 weeks PMA in both the study and control group. 
Recording 
Prenatal study 
Continuous on-line recording sessions, lasting 2 h, were carried out between 1900 
and 2 100 h, about 1 hour after the evening meal. Fetal heart rate (FHR) was 
monitored with a cardiotocograph by means of Doppler ultrasound (Hewlett Packard 
8040A, paperspeed 2 cm/min). Fetal activity was identified using two linear-array 
real-time ultrasound scanners (Aloka SSD-256 and Siemens Imager 2300, both 
probes 3.5 MHz). One observer recorded fetal body and breathing movements, a 
second scored fetal eye movements. All movements were recorded on an event 
recorder (Hewlett Packard 7754A, paperspeed 6 cm/min) together with the FHR­
signal. 
Postnatal study 
Polygraphical recordings, lasting 6 h, were made of respiration (nasal thermistor, 
and EMGs of upper intercostal and diaphragmatic activity [25]), eye movements 
(EOG: left vertical or left-right horizontal), heart rate, EEG (fronto-central and 
centro-parietal derivations left and right), and EMGs of chin, biceps, triceps and 
quadriceps (left and/or right). All electrophysiological signals obtained from 
multiple surface electrodes and thermistor were measured and processed following 
the standard procedure of the Department of Developmental Neurology [23,24]. On­
line, the signals were recorded on paper (speed 3 cm/min) and also stored on mag­
netic tape. Behavioural notations were made throughout. The infants were fed at the 
beginning and halfway through the recording session. 
Behavioural state identification 
Prenatal study 
Four ultrasound recordings (two from the study group and two from the control 
group) were excluded from analysis as visualization of a fetal eye was impossible for 
the majority of observation time. Hence, the study was based on twenty 2-h sessions. 
The analysis procedure, previously described in detail [ 1 1, 15], is as follows: each 
recording is searched for the existence of episodes of coincidence 1 F through 4F 
(C 1F-C4F, the suffix F for fetal) . These episodes are defined by one of the four 
specific combinations of the parameters of 3 state variables: FHR pattern A,B,C or 
D, presence or absence of fetal eye movements, and of fetal body movements. 
Episodes to which none of the specified combinations could be applied were called 
episodes of no-coincidence. If the duration of the episodes of coincidence exceeds 3 
min and transitions from the one episode into the other are completed within 3 min, 
they are then called behavioural states. 
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Postnatal study 
A. Neonatal behavioural states identified using fetal state criteria. 
In order to continue the antenatal study of behavioural states into postnatal life, 
state organization was studied using the three fetal state variables (see above). For 
this purpose the records of 7 ID Ms and 7 control infants were prepared and analyzed 
in a way completely comparable to that employed before birth. From each polygram 
an uninterrupted 2-h period was selected, mainly consisting of sleep. Playbacks of 
the relevant signals from tape were made off-line and written on paper. One playback 
consisted of the heart rate signal (cardiotach) only (same paper speed as prenatally, 
2 cm/min). A second playback was made of the EOG and the averaged EMG of the 
limb-EMGs (paper speed 6 cm/min). 
B. Neonatal behavioural states identified using Prechtl's neonatal state criteria. 
For this part of the investigation all recordings were analyzed visually to draw up 
a behavioural state profile on basis of the essential identifying criteria for 5 neonatal 
states. These are: eye condition (eyes open or closed), respiratory pattern (regular or 
irregular), presence and type of movements and presence or absence of crying [23]. 
In this method respiration is the leading variable for making distinction between 
neonatal state 1 and state 2; the point where the respiratory pattern changes from 
regular into irregular determines the transition from state 1 into 2. 
General movements and breathing movements: definitions and data analysis 
Prenatal study 
The occurrence of fetal body and breathing movements was quantified for each 
separate episode of C 1F through C4F, or state 1 F-4F, respectively. Bursts of tonic 
movements of the trunk lasting � 2 sec were regarded as general movements. Shorter 
lasting bursts as well as phasic movements (startles and twitches) were excluded. If 
a general movement was followed by a pause of > 5 sec until new activity started, 
these two bursts were scored as separate movements. Continuous breathing was 
considered present when the interval between two consecutive breaths was < 6 sec. 
The incidences of general movements and breathing movements were expressed as 
a percentage of observation time (total and per distinct episode of C 1F-C4F) and as 
rate per hour. Moreover, calculations were carried out on the durations of general 
movements and bouts of breathing movements. Finally, the mean breath-to-breath 
interval was calculated for each single bout of breathing movements lasting > 20 sec, 
resulting in the rate of breathing expressed as the number of breaths per minute. 
Postnatal study 
Once the polygrams had been assessed for behavioural states using the neonatal 
state criteria, some variables were analyzed in detail. 
General movements were studied in state 1 through 4 and the incidence was express­
ed as a percentage of the duration of each state; also the number of movements and 
the duration of each burst (rounded off to the nearest 5 sec) were determined. Res­
piration rate was calculated per state (signal analysis of thermistor and the processed 
diaphragmatic EMGs). For this purpose the breath-to-breath intervals were deter-1 1 1  
mined during epochs of continuous (i.e. non-periodic) breathing in state 1 and 2. The 
epochs analyzed were neither in the vicinity of state transitions nor were interrupted 
by body movements. The duration of these epochs ranged between 2 and 5 min. All 
polygrams were searched for episodes of periodic breathing (PB). According to 
O'Brien [ 17], a PB bout is defined as a sequence of at least three central respiratory 
pauses of ;;?: 3 sec alternating with breathing bursts within about a one minute period. 
Per state, calculations were made of percentage of time with PB, PB boutlength, 
number of cycles per PB bout and the average cycle length. 
EEG-codes according to Parmelee et al. were globally determined [8]. 
Statistics 
Data will be presented as medians, first and third quartiles and ranges. Statistical 
analyses were carried out using the Wilcoxon signed -matched pairs- rank test or the 
Mann-Whitney U-test. The significance levels given are for two-sided tests. 
Results 
Body movements 
Fetuses of women with diabetes and control fetuses spent almost an identical 
amount of time making body movements (Table 11,A). In contrast, after birth the 
incidence of body movements during state 1 and state 2 was significantly higher in 
the diabetic group. The latter was not due to increased numbers of body movements 
per hour (not shown), but to longer durations of the bursts in both state 1 and state 2 
(Table 11,B). In the prenatal study the number of movements per hour (not shown), 
and the durations of the bursts (Table 11,B) in CIF and C2F did not differ statistically 
between the diabetic and control group. Comparison of the pre-and postnatal 




. The median values for the percentage of time breathing movements were present 
(Table 111,A), and the number of breaths per hour (not shown) were considerably 
higher in the diabetic group than in the control group. However, none of the 
differences, either inter-group or intra-group (C 1 F vs C2F) differences, reached 
statistical significance. 
The durations of the bouts lasting ;;?: 1 0  sec were distributed as presented in Table 
III,B. These bouts represented 62% and 55% of the total number of breathing bouts 
observed in the diabetic (n=65 1 )  and control (n=53 1 )  group, respectively. No 
significant inter-group differences were found for the bout lengths. However, within 
either group the bouts lasted longer in C 1 F (p < 0.00 1 )  than in C2F. During C2F 
breathing bouts were more frequently interrupted by body movements .  
The rate of breathing was slower in the diabetic group than in the control group 
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ClF was 45 breaths/min in the diabetic group and 58.5 in the control group; during 
C2F the values were 49 and 53 breaths/min, respectively. The rate during C l F  was 
similar to that during C2F in both groups. 
Postnatal study 
The rate of breathing was calculated for the 7 IDMs and their matched controls 
(Table IV). Comparison of the intra-pair differences both in state 1 and 2 showed no 
tendency toward a slower rate of breathing in IDMs. 
Both IDMs and control infants breathed slower during state 1 than during state 2; 
this inter-state difference was rather constant among the individuals. For the IDMs 
as a group, the mean rates (breaths/min) were 38.5 in state 1 and 44 in state 2 (p < 
0.001 ) ;  these values were 42 and 46, respectively, for the control infants (p < 0.002). 
As judged by the SD, the IDMs did not breathe more irregularly during state 1 than 
did control infants. 
Periodic breathing (PB) occurred almost exclusively in sleep, especially in state 2. 
In the diabetic group 5 infants (71 % ) breathed periodically in state 1 and all seven 
did in state 2. Four (29%) and 9 (64%) control infants showed PB in state 1 and 2, 
respectively. All infants breathing periodically in state 1 did so in state 2. If PB bouts 
were present, the number per recording ranged from 1-40 in the diabetic group and 
from 2-34 in the control group. Compared to control infants recorded at the same 1 1 3 
I 
......  
T A B L E  I I
,  
A .  
P e r c e n t a g e s  o f  t i m e  w i t h  b o d y  m o v e m e n t s  i n  fe t u s e s  ( N = I O )  a n d  i n f a n t s  o f  d i a b e t i c  w o m e n  ( N = 7 )
,  
i n  c o m p a r i s o n  w i t h  c o n t r o l  v a l u e s .  T h e  
i n c i d e n c e  i s  g i v e n  fo r  t o t a l  r e c o r d i n g  t i m e  a n d  t h e  e p i s o d e s  o f  c o i n c i d e n c e  I F  a n d  2 F  ( p r e n a t a l  s t u d y )  o r  s t a t e  1  a n d  2  ( p o s t n a t a l  s t u d y ) .  
G r o u p  
n o .  P O  P 2 5  
T o t a l  D i a b e t i c  1 0  4 . 1  9 . 5  
R e c o r d i n g  
C o n t r o l  1 0  4 . 8  7 . 3  
C o i n c .  I F /  D i a b e t i c  1 0  0  0 . 2  
S t a t e  1  
C o n t r o l  1 0  0  0 . 1  
C o i n c .  2 F /  D i a b e t i c  1 0  7 . 2  1 3 . 4  
S t a t e  2  
C o n t r o l  1 0  8 . 0  1 5 . 0  
n o .  =  n u m b e r  o f  r e c o r d i n g s ;  
P r e n a t a l  S t u d y  
P 5 0  P 7 5  
1 1 . 7  1 2 . 1  
1 1 . 9  1 2 . 8  
0 . 4  2 . 4  
0 . 3  1 . 1  
1 8 . 4  1 9 . 7  
1 6 . 9  1 9 . 4  
- - - -
P l O O  
s i g n i f . *  
1 5 . 4  
N S  
1 5 . 2  
3 . 1  
N S  
2 . 2  
2 2 . 9  
N S  
2 0 . 5  
n o .  
7  
1 4  
7  
1 4  
7  
1 4  
s i g n i f .  =  s i g n i f i c a n c e  o f  i n t e r - g r o u p  d i ff e r e n c e :  W i l c o x o n  t e s t  ( * ) ;  M a n n - W h i t n e y  U - t e s t  ( $ )  
P o s t n a t a l  S t u d y  
P O  P 2 5  P 5 0  
P 7 5  P I O O  s i g n i f . $  4.9 8 . 2  1 0 . 9  1 2 . 7  1 6 . 6  
p < 0 . 0 5  3.7 5 . 5  8 . 1  9 . 0  1 2 . 3  
0  0 . 5  
1 . 1  1 . 9  2 . 5  
p < 0 . 0 5  
0  0 . 2  0 . 3  0 . 4  0 . 7  
5 . 1  9 . 5  1 2 . 8  1 4 . 6  1 8 . 5  
p < 0 . 0 0 2  
4 . 2  7 . 0  8 . 1  9 . 1  1 0 . 8  
-
VI 
TABLE II, B .  Duration (in sec) of  bursts of  body movements in  fetuses (N=lO) and infants of  diabetic women (N=7). Ten fetuses and fourteen newborn infants served as controls. Prenatal Study Postnatal Study Group n.b. PO P25 P50 P75 P l OO signif. n.b. PO P25 P50 P75 PlOO signif. Coinc. lF/ Diabetic 24 2 3.5 5.5 10.5 2 1  19  5 5 10  20 45 State 1 NS p<0.001 Control 25 2 2.5 4 6 25 39 5 5 5 5 10  Coinc. 2F/ Diabetic 42 1 2 4 8 14.5 68 455 5 1 0  1 5  30 1 20 State 2 NS p<0.00 1 Control 487 2 4 8 16  60.5 833 5 5 10  20 140 n.b. = number of bursts of body movements; signif. = significance of inter-group difference (Mann-Whitney U-test) 
TABLE Ill. 
Distribution of percentages of breathing movements (A) and durations of bouts of breathing 
movements (B) in fetuses of diabetic women and control fetuses 
A. Incidence of fetal breathing movements (% of time) 
Group no. PO P25 P50 P75 P lOO signif. 
Diabetic 10  5.1 34.1 39.7 55.7 73.1 
Total recording NS 
Control 10 4.2 5.3 15.2 35.8 62.7 
Diabetic 10 0.2 5.9 20.2 75.2 92.3 
Coincidence 1 F NS 
Control 10 0 0.1 6.9 44.1 78.3 
Diabetic 10 8.4 37.7 41.0 57.4 76.4 
Coincidence 2F NS 
Control 10 0.9 7.5 25.5 37.2 47.7 
Diabetic 1 0  4.0 33.7 43.1 61.0 87.3 
No-coincidence NS 
Control 10 1.6 4.1 9.0 22.1 93.8 
no. = number of recordings; 
signif. = significance of inter-group difference (Wilcoxon test) 
B. Duration (in sec) of bouts of breathing movements > 10  sec 
Group n.b. PO P25 P50 P75 PlOO signif. 
Diabetic 69 11 20.5 47.5 # 127 1118.5 
Coincidence 1 F NS 
Control 66 10 19.5 41  # 118.5 373.5 
Diabetic 2 1 9  IO  1 6  29 57 33 1 .5 
Coincidence 2F NS 
Control 204 IO  16 26.5 48 202 
Diabetic 115 1 0.5 19 37 77 305 
No-coincidence NS 
Control 19 1 0  13 29 68.5 92 
n.b.= number of bouts analyzed; 
signif. = significance of inter-group difference (Mann-Whitney U-test); 
Intra-group difference (Mann-Whitney U-test): # = p < 0.001, tested versus values in C2F 
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TABLE IV. Rate of breathing (Mean ± SD) during state 1 and state 2 in infants of diabetic mothers (ID Ms) and control infants. The rate is expressed as the number of breaths/min. State 1 State 2 Matched Pair IDM Control signif. IDM Control signif. Infant Infant 48 (9.5) * 62.5 ( 14.5) p<0.001 66 (25.5) 64.5 (34) NS 2 35.5 (5.5) $ 60 ( 1 6) * p<0.001 39 (24) 5 1 .5 (25) p<0.001 3 3 1  (5.5) * 60 ( 17) # p<0.001 40 (20.5) 54.5 (22.5) p<0.001 4 4 1 .5 (9) * 26 (5.5) * p<0.001 47 (3 1 .5) 35 (34) p<0.001 5 42 ( 10.5) * 22 (3.5) * p<0.001 49 (26) 25 ( 1 7) p<0.001 6 3 1 .5 (6) 25.5 (3.5) * p<0.001 29.5 (29) 34 (2 1 )  NS 7 5 1  ( 1 6) * 42 ( 1 2) * p<0.001 58.5 (38.5) 49 (24) p<0.001 Total Group 38.5 ( 1 7) * 42 (36) $ NS 44 (42.5) 46 (42) NS N 8 1 6  78 1 825 783 N = number of breath-to-breath intervals analyzed signif. = significance of intra-state difference (Mann-Whitney U-test); Inter-state difference (Mann-Whitney U-test): * = p < 0.001 ; $ = p < 0.002; # = p < 0.005 
-T A B L E V .  
P a r a m e t e r s  o f  p e r i o d i c  b r e a t h i n g  ( P B )  d u r i n g  s t a t e  1  a n d  s t a t e  2  i n  i n f a n t s  o f  d i a b e t i c  m o t h e r s  ( N = 7 )  a n d  c o n t r o l  i n fa n t s  ( N = 1 4 ) .  
S t a t e  I  
S t a t e  2  
G r o u p  
n o .  P O  P 2 5  P 5 0  P 7 5  P l O O  s i g n i f .  n o .  P O  P 2 5  P 5 0  P 7 5  P l O O  s i g n i f .  
P B  D i a b e t i c  
-
0  0 . 2  1 . 0  
8 . 8  3 6 . 8  
2 . 7  5 . 1  1 3 . 7  1 9 . 5  3 1 . 5  
( %  o f  t i m e )  N S  
p < 0 . 0 2  
C o n t r o l  
-
0  0  0  5 . 3  
1 2 . 1  
0  
0  1 . 8  5 . 2  5 3 . 2  
B o u t l e n g t h  D i a b e t i c  4  6 2  1 1 2  
-
1 9 1  
1 2 4  2 1  3 8  
6 0  9 6  7 9 0  
( i n  s e c )  N S  
N S  
C o n t r o l  
1 6  
2 9  3 8  
49 1 2 6  2 7 1  8 2  2 7  3 8  5 4  9 9  5 5 9  
A v e r a g e  D i a b e t i c  4  1 2 . 7  1 5 . 8  1 6 . 0  1 2 4  1 0 . 5  1 4 . 0  1 5 . 3  1 6 . 8  2 1 . 0  
c y c l e  l e n g t h  p < 0 . 0 5  p < 0 . 0 1  
( i n  s e c )  C o n t r o l  1 6  1 2 . 9  1 7 . 3  
1 8 . 7  1 9 . 3  2 1 . 5  8 2  1 1 . 2  1 4 . 4  1 6 . 5  1 8 . 7  2 8 . 0  
n o .  :  n u m b e r  o f  P B  b o u t s  a n a l y z e d ;  
s i g n i f .  =  s i g n i f i c a n c e  o f  i n t r a - s t a t e  d i ff e r e n c e  ( M a n n - W h i t n e y  U - t e s t ) ;  
A v e r a g e  c y c l e  l e n g t h  w a s  c a l c u l a t e d  f o r  e a c h  b o u t  a s  b o u t l e n g t h / n o .  o f  c y c l e s  
TABLE VI. 
Distribution of the percentages of HRP A ·and B, the number of enclosed periods, the mean duration (in min) of enclosed periods and the cycle 
length (in min). Data of 10 fetuses and 7 infants of diabetic women were compared with those obtained in matched controls. 
Prenatal Study Postnatal Study 
Group 
PO P25 P50 P75 PlOO signif. PO P25 P50 P75 PlOO signif. HRP A Diabetic 0 17 24.5 34 46 p<0.01 17.5 22.5 26.5 32.5 33.5 p<0.05 
(% of time) Control 1 3  32 40 47 54 30 37 38 4 1 .5 52 HRP B Diabetic 54 66 75 79.5 97.5 p<0.01 37 62.5 68 75.5 82.5 NS 
(% of time) Control 32.5 51 59 68 77 48 52 58.5 62 70 HRP A Diabetic 0 1 1.5 2 2 NS 1 1 2 2 2 NS 
number of Control 1 I 2 2.5 3 I 2 3 3 3 
periods HRP B Diabetic 0 0 1 1 3 NS 1 2 2 2 5 NS 
number of Control I 1 1.5 2 3 1 2 2 2 3 
periods HRP A Diabetic 1 0  1 2  1 6.5 25 27.5 NS 1 2.5 1 4.5 20.5 2 1  25 NS 
mean Control 8 1 5  25.5 30 45.5 1 6.5 1 8  2 1 .5 28 30 
duration HRP B Diabetic 33.5 40 49.5 77 93 p<0.05 28.5 30.5 46.5 64 91 p<0.05 
mean Control 1 2.5 20 42 55 69 27 29 32 39 40 
duration 
Cycle Diabetic 58 62 73.5 1 02.5 1 1 0 NS 47 59 72 89 116 NS 
length Control 30 69.5 78 85 97.5 55.5 59 64.5 69 73 
signif. = significance of inter-group difference (Wilcoxon test) 
-T A B L E  V I I .  
D i s t r i b u t i o n  o f  t h e  p e r c e n t a g e s  o f  c o i n c i d e n c e  ( A )  a n d  t h e  m e a n  d u r a t i o n s  o f  e n c l o s e d  e p i s o d e s  o f  c o i n c i d e n c e  ( B )  i n  f e t u s e s  ( N =  I  0 )  a n d  i n f a n t s  
o f  d i a b e t i c  w o m e n  ( N = 7 ) , i n  c o m p a r i s o n  w i t h  t h e  v a l u e s  fr o m  m a t c h e d  c o n t r o l s .  F e t a l  s t a t e  c r i t e r i a  w e r e  u s e d  t o  i d e n t i f y  b e h a v i o u r a l  s t a t e s .  
A .  I n c i d e n c e  o f  e p i s o d e s  o f  ( n o - ) c o i n c i d e n c e  ( %  o f  t i m e )  
P r e n a t a l  S t u d y  P o s t n a t a l  S t u d y  
G r o u p  
n o .  P O  P 2 5  P 5 0  
P 7 5  P I O O  s i g n i f .  n o .  P O  
P 2 5  P 5 0  P 7 5  P I O O  s i g n i f .  
D i a b e t i c  1 0  0  1 5  
2 3  3 1  
3 6  7  1 7 . 5  
2 1 . 5  2 2 . 5  3 0 . 5  
3 3  
C o i n c .  I F / I  p <  0 . 0 1  p <  0 . 0 5  
C o n t r o l  1 0  1 2 . 5  2 8 . 5  35 4 5  5 0  7  2 0  3 0 . 5  3 7 . 5  4 0 . 5  5 1 . 5  
D i a b e t i c  1 0  39 4 5  4 8  5 6  5 7 . 5  7  3 0 . 5  3 6 . 5  5 5  6 1  6 6 . 5  
C o i n c .  2 F / 2  
N S  
N S  
C o n t r o l  1 0  2 9 . 5  
43 5 1 . 5  6 0  6 7  7  43 4 8  5 5 . 5  5 7  6 1 . 5  
D i a b e t i c  1 0  8 . 5  1 8  
2 9 . 5  3 8 . 5  54 7  6 . 5  1 1  1 2 . 5  1 6  4 6 . 5  
N o - c o i n c .  
p <  0 . 0 1  
p <  0 . 0 5  
C o n t r o l  1 0  2 . 5  7  
8 . 5  1 1  1 5  7  5 . 5  
6  7 . 5  1 0  
1 9 . 5  
n o .  =  n u m b e r  o f  r e c o r d i n g s ;  
s i g n i f .  =  s i g n i f i c a n c e  o f  i n t e r - g r o u p  d i ff e r e n c e  ( W i l c o x o n  t e s t )  
TABLE VII, B.  Duration (in min) of enclosed episodes of coincidence 
---
Prenatal Study Postnatal Study 
Group 
no. PO P25 P50 P75 PIOO signif. no. PO P25 P50 P75 PIOO signif. 
Diabetic 9 7.5 11.5 14.5 23 26 7 11.5 14.5 19 21  24 
Coinc. IF/1 NS NS 
Control 10 7 12.5 24 29 44 7 16.5 18 22 24.5 27.5 
Diabetic 8 6.5 10 14 30.5 57 7 11 14.5 19.5 36 51 
Coinc. 2F/2 NS NS 
Control 8 12 18 27 36.5 43 7 19.5 24 29.5 35.5 38 
no. = number of recordings showing enclosed episodes of coincidence I F/1 and 2F/2; 
signif. = significance of inter-group difference (Wilcoxon test) 
N 
-T A B L E  V I I I .  
N  
N  
D i s t r i b u t i o n  o f  t h e  p e r c e n t a g e s  o f  s t a t e s  l F / 1  a n d  2 F / 2  i n  f e t u s e s  ( N = l O )  a n d  i n f a n t s  o f  d i a b e t i c  w o m e n  ( N = 7 ) ,  i n  c o m p a r i s o n  w i t h  c o n t r o l  v a l u e s .  
B e h a v i o u r a l  s t a t e s  w e r e  i d e n t i f i e d  u s i n g  t h e  fe t a l  s t a t e  c r i t e r i a  ( P r e n a t a l  s t u d y  a n d  P o s t n a t a l  s t u d y  A )  o r  t h e  n e o n a t a l  s t a t e  c r i t e r i a  ( P o s t n a t a l  s t u d y  
B )  
P r e n a t a l  S t u d y  
P o s t n a t a l  S t u d y  A  P o s t n a t a l  S t u d y  B  
G r o u p  
n o .  P O  P 5 0  P l OO  n o .  P O  P 5 0  P l O O  
n o .  P O  P 5 0  P l O O  
s i g n i f .  
D i a b e t i c  
3  1 4  2 2 . 5  4 3 . 5  3  
2 2  
2 2 . 5  3 0 . 5  7  1 6  
1 8 . 5  2 3 . 5  
S t a t e  l F / 1  N S  
C o n t r o l  
8  2 0  
3 5  5 0  7  2 0  3 7 . 5  5 1 . 5  1 4  1 5 . 5  
1 9 . 5  
2 7 . 5  
D i a b e t i c  
3  
3 9 . 5  4 7 . 5  5 2  3  3 0 . 5  5 8  6 6 . 5  7  2 4  6 2 . 5  6 7  
S t a t e  2 F / 2  p < 0 . 0 5  
C o n t r o l  8  3 1  
5 1  6 7  7  
4
3  
55.5 6 1 . 5  1 4  2 8 . 5  4 8 . 5  6 1 . 5  
N o - s t a t e  
D i a b e t i c  
3  9  
1 2  
1 4 . 5  
3  
6 . 5  1 1  1 1 . 5  
i d e n t i fi e d  
C o n t r o l  
8  6  
8 . 5  
1 4  7  5.5 7 . 5  1 9 . 5  
n o .  =  n u m b e r  o f  r e c o r d i n g s  w i t h  t r u e  b e h a v i o u r a l  s t a t e s ;  
s i g n i f .  =  s i g n i f i c a n c e  o f  i n t e r - g r o u p  d i ff e r e n c e  i n  P o s t n a t a l  S t u d y  B  ( M a n n - W h i t n e y  U - t e s t )  
postmenstrual age, the IDMs spent more time breathing periodically in state 2 
(p < 0.02) ; the durations of the PB bouts were similarly distributed (Table V). The 
average cycle length per bout varied widely among the individuals. In state 2 the 
median values per infant ranged from 12.4- 18.0 sec in the diabetic group and from 
14.4-22.5 sec in the control group. In both states the IDMs had significantly shorter 
cycle lengths than the controls. 
A negative correlation was found between the percentage of PB and postmenstrual 
age of the control infants, both in state 1 (R = -0.53, p < 0.05) and state 2 (R = -0. 70, 
p < 0.0 1 ). In the diabetic group these correlations were not significant. 
Coincidence of state parameters and behavioural states 
Compared to a previous study [11], two additional fetuses of diabetic women were 
included in the present study and data on a new prenatal control group were 
collected. For this reason figures on the coincidence of state parameters will be pre­
sented again. 
Analysis of the 2-h heart rate tracings revealed that pattern A (HRP A) occurred less 
in fetuses (p < 0.0 1) and infants (p < 0.05) of diabetic women than in control subjects 
(percentage incidence, Table VI). Two factors, less frequent switching from a B- into 
an A-pattern and shorter duration of enclosed HRP A-periods contributed to this 
result, although the inter-group differences in these parameters were not significant 
(Table VI). (In one fetus HRP A was not found at all during the 2 h of recording). On 
the other hand, the incidence of HRP B was higher in the diabetic groups due to the 
longer durations of these periods (Table VI). As a net result. the cycle length, i.e. the 
sum of the duration of an enclosed HRP A and B period at a stretch, was similar in 
the diabetic and control group, both before and after birth. 
The distribution of the percentages of C 1 F/C 1 and C2F/C2, and of the mean 
durations of enclosed epochs (i.e. epochs beginning and ending during the obser­
vation time) are given in Table VII,A and VII ,B, respectively. The figures on C 1 F/C 1 
in these tables correspond quite closely with those given for HRP A (Table VI) .  
indicating a high association of the state parameters in the presence of HRP A. How­
ever, the expected higher percentages and longer durations of enclosed epochs of 
C2F/C2 were not observed in the diabetic groups (Table VII.A and B), as the specific 
association was more frequently disturbed. This resulted partly in the higher 
percentages of no-coincidence in the diabetic group, both before and after birth 
(Table VII,A). 
The percentages and epoch durations found for the distinct episodes of (no-)coin­
cidence before birth, did not differ statistically from those seen after birth. 
C3F/C3 was not found in the diabetic groups, but did occur in the controls: in 
5 fetuses (median 5%, range 3- 1 1 .5%) and in one infant ( 4% ). C4F was present in 
one control fetus (during 1 9.5% of time) and in one fetus of the diabetic group (8% ). 
In the postnatal study C4 occurred in 3 ID Ms (3.5, 4.5, and 4 1  % ), and in two control 
infants (3 and 8% ). 
The rare occurrence of synchronized transitions also contributed to the (afore­
mentioned) considerably higher proportion of no-coincidence in the diabetic groups. 
Before birth, only 1 8  out of 30 transitions (60%) into and/or out of 1 F-combinations 
1 23 
lasted less than 3 min in the diabetic group, as opposed to 34 out of 38 transitions 
(89 .5 % ) in the control group. After birth, 12 out of 21 transitions into and/or out of 
C l  (57%) were synchronous in the IDMs, as opposed to 26 out of 28 transitions 
(93%) seen in the control infants. 
True behavioural states were present in only 3 out of 10 fetuses of diabetic women, 
as opposed to their presence in 8 out of 10 control fetuses. The other two control 
fetuses (of nulliparous women) had the majority of state transitions synchronized, 
but 2 transitions failed to do so. In the polygrams, true states were not abundant in 
the diabetic group; three out of the 7 IDMs had states, whereas states were present 
in all matched controls. The incidence of behavioural states, identified using the 
fetal state criteria are given in Table VIII (Prenatal study and Postnatal study A). 
When the polygrams were analyzed for the whole recording time (6 h) using the 
neonatal state criteria, IDMs spent more time in state 2 (p < 0.05) than the control 
infants (Postnatal study B). 
Five out of the seven EEG-patterns obtained in IDMs were judged as quite imma­
ture [8]. In two of these recordings flattening of the EEG (a more or less abrupt drop 
in amplitude of about 1 min duration) was found near the onset of state 1. EEG­
flattenings are, however, a benign variation without clinical significance [18]. 
Discussion 
Body and breathing movements are generated by the fetal and neonatal nervous 
system. If diabetes affects the CNS, then altered motor activity may be expected. 
However, quantitative data on these movement patterns in diabetic pregnancy are 
almost non-existent. In addition, information on the incidence of these movements 
in different behavioural states is lacking, both in diabetic and in normal pregnancies. 
This is because the presence of behavioural states in near-term fetuses has only 
recently been studied. Hence, the state-related generation of body and breathing 
movements was the main subject under consideration in this study. 
Body movements 
Before birth, body movements appeared to be generated similarly in the fetuses of 
the diabetic and control group. No differences were found in the number of move­
ments per hour, nor in percentage of occurrence or duration per burst. These obser­
vations are in line with the results of others who reported the same number of fetal 
body movements [27] and percentage incidence [27 ,35] in diabetic women as in 
controls. Roberts et al. [27] generally made their observations during "active sleep" 
(i.e. coincidence 2F). This can be derived from their data on the maximum period of 
fetal inactivity (about 2 min on average). Their percentage of body movements, 16% 
in both the diabetic and control group, is equal to those found for C2F in the present 
study. After birth, the frequency of body movements was similar in IDMs and 
control infants. However, once started, the movements lasted longer in the IDMs, 
both in state 1 and state 2, resulting in higher percentages of time. The median 
duration of bursts in control infants during state 2 was similar to that ( 11 sec) found 124 
for healthy fullterm infants on the fourth day of life [5]. The reason why bursts of 
body movements are longer in IDMs than in control infants and not so in utero, is 
unknown. According to the general opinion in the literature, there are no effects of 
glucose [4, 10,14,21,32], of other nutrients or of maternal hormones [ 14] on body 
movements in utero. 
Breathing movements 
The percentage of breathing movements in our control fetuses corresponds with 
that seen in near-term fetuses studied between 1800 and 2 100 h in normal preg­
nancies (hourly range 10-30%) [22]. In the present study, the total number of bouts 
of breathing movements in the diabetic group was much larger than seen in the 
control group. As the bout duration was very similar in both groups, this resulted in 
a considerably (but non-significant) higher breathing incidence in the study group. 
In the past, a higher percentage incidence of breathing movements has been reported 
in fetuses of diabetic women [27], although others found no difference in incidence 
with near-term control fetuses, when studied 1-2 h after dinner [35]. Some authors 
have reported on the incidence of breathing in uncomplicated pregnancy in relation 
to "quiet and active" fetal sleep episodes. These episodes were defined either in 
terms of state IF  and 2F [3,34], or on the basis of body movements and heart rate 
variability [9,30,32]. In all but one of these studies [32], a lower breathing incidence 
was found during episodes of state 1 F or its analogon. In contrast, we found no 
significant difference in the incidence of breathing between C 1 F and C2F. although 
the median percentages during C 1 F were much lower than in C2F: this held true for 
both the diabetic and control group. As regards the latter group the present finding 
is in line with that of Visser et al. [32]. 
In normal near-term fetuses the rate of breathing has been found to range between 
16 and 133 breaths per min [26], which corresponds well with the range observed by 
us (Fig. 1 ). Furthermore, several authors have provided data on the mean rate of 
breathing, varying from 47 to 56 breaths/min [2, 10,20,27,3 1 ]. However, in these 
studies no distinction was made between episodes of "quiet and active" sleep. There 
are only two reports available on "'state-related" breathing parameters in late normal 
pregnancy [ 16,30]. In episodes of state 1 F ("quiet" sleep) the mean rate of breathing 
was 46 [30] or 59 breaths/min [ 16]; during state 2F ("active" sleep) the mean rate 
was found to be 50 breaths/min [ 16,30]. In neither study was the difference in mean 
rate between state 1 F and 2F significant. This was also found for both the diabetic 
and control group in the present study. The values obtained in our control fetuses 
correspond best with those of Nijhuis et al. [ I 6]. Breathing is regular in state 1 F and 
irregular in state 2F [ 16,30]. Our data do not permit any conclusion on the regularity 
of breathing, as the actual breath-to-breath intervals were not determined. 
In the diabetic group, the fetuses breathed slower than control fetuses, a phenome­
non which is already present during the first trimester of pregnancy [ 13]. This obser­
vation contradicts the one by Roberts et al. [27] who found no difference in breathing 
rate between fetuses of a control and diabetic group. 
Breathing movements in fetuses of diabetic women are different in character from 
those seen in control fetuses. In both groups breathing movements are paradoxical, 
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but more forceful in the diabetic group, leading to a profound inward and outward movement of the rib cage and abdomen, respectively. Breathing is often accom­panied by displacement of the whole fetal body. This character may account for the slower rate of breathing in the diabetic group. The finding that breathing is slower, together with the trend toward making more breathing movements, suggest an altered regulation of breathing movements in fetuses of diabetic women. Are these differences related to maternal glucose con­tent? In normal pregnancy, numerous studies have demonstrated that raising the blood glucose level, either naturally (meals) or experimentally induced, increases the percentage of breathing [ 1 ,4, 10] .  However, in diabetic pregnancy no relationship between blood glucose level and percentage of breathing could be demonstrated [35] .  Increase in amplitude of fetal breathing has been found after intravenous glu­cose infusion in normal pregnancy [ 1 ] .  This phenomenon might therefore be glucose related. In contrast, glucose has no effect on the breath-to-breath interval and, hence, does not change the rate of breathing [ 1 ] .  So, it appears that glucose cannot be the only factor altering fetal breathing in diabetic pregnancy. This leaves open the possibility of a different releasing mechanism present in the fetal nervous system. A classical study of behaviour in IDMs [28] claims that respiration is faster and tends to be more irregular during non-REM sleep (state 1 ) , although the results were not statistically significant. Our results in infants at the same age as in the previous study, are contradictory in both respects. We found 1) a lower rate of breathing during state 1 ,  both for the control infants and the IDMs, and 2) no differences in the rate or regularity of breathing between both groups in either state. The different breathing pattern in fetuses of the diabetic group apparently disappears immediately after birth; only periodic breathing occurred more frequently in the newborns of women with diabetes .  In both IDMs and control infants periodic breathing had an average cycle length of about 16 sec , superimposed on the basic state-related breathing patterns. The same cycle length has been found in a heterogeneous group of periodically breathing infants with an inter-individual range between 1 3  and 20 sec [ 1 7] .  Although the values were somewhat lower in the diabetic group, the similarity of the cycle length suggests a common feature of PB . The higher incidence of periodic breathing in IDMs reflects less stability in control of the respiratory system. This is probably due to immaturity of the neural mechanism underlying respiration, as suggested by the fact that the amount of PB decreased with age in the control infants (also found in preterm infants [ 1 9] ) ,  but not in IDMs. 
Behavioural state regulation Compared to the control subjects , near-term fetuses and infants of diabetic women had less HRP A and C 1 F or C 1 .  A low occurrence of HRP A and C 1 F appears to be a common feature in diabetic pregnancy, and has been found throughout the third tri­mester [ 1 1 ] * *. Moreover, the observation is in line with a lower incidence of non-
**During 2-h observations made between 32 and 38 weeks' gestation we did not see, for 
instance, any HRP A-period in 8 out of 47 ( 17%) recordings of the diabetic group, as opposed 
to the absence of HRP A in 6 out of 98 (6%) control recordings. 1 26 
REM sleep in ID Ms as reported by Schulte et al. [28]. On the other hand, the fetuses 
and infants of the diabetic group showed more of HRP B, but had a similar incidence 
of C2F or C2 in comparison with controls. This was due to a large number of asyn­
chronous transitions into or out of CIF/Cl episodes, and to frequent interruption of 
the expected concordant association between the state 2 parameters. A high propor­
tion of no-coincidence and a rare occurrence of true behavioural states were the 
result. 
The presence of behavioural states is one of the indicators of maturity and integrity 
of the fetal and infant's nervous system. Prenatal and postnatal states are homolo­
gous. The poor behavioural state regulation in the diabetic group, both before and 
after birth, resembles more immature patterns. The observed immature EEG-patterns 
and the high incidence of periodic breathing in IDMs, corroborate the same conclu­
sion. 
These results confirm and extend the conclusion of a previous study [11]. The 
continuity of the poor behavioural state regulation from prenatal into postnatal life 
indicates that this cannot be attributed to the instantaneous unfavourable condition 
before birth. 
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Structural and functional development in 
fetuses of diabetic women : 
longitudinal aspects 
Introduction 
In the previous chapters of this section, fetal growth and behavioural development 
during the first trimester of diabetic pregnancy have been described, as well as the 
emergence of behavioural states during the third trimester. The presented studies, al­
though longitudinal in character, were restricted to either the first or third trimester. 
This chapter examines several interrelationships between data on fetal growth and 
behaviour obtained during the first and third trimesters. Of special interest are thir­
teen subjects who were followed from 7 weeks of gestation onwards until birth, 
some of whom were also studied during the neonatal period. 
Our inter-trimester investigation was primarily inspired by some reports on the 
long-term consequences of early growth delay in diabetic pregnancy found in a 
Danish study population (n = 135). Pedersen and M�lsted-Pedersen [6,7] observed 
that embryos and fetuses of women with diabetes who showed true early growth 
delay (6 days or more too small) did not catch up in the course of pregnancy and that 
at birth they weighed an average of 400 grams less than the normal-sized embryos 
and fetuses between 7 and 14 weeks. In (seeming) contrast, they found that early 
growth delay and macrosomia can occur in the same pregnancy [7]. This means that 
not all the fetuses follow the same trend. In addition, evidence was found for a delay 
in psychomotor development at the age of 4 years in children with a history of 
growth delay in early diabetic pregnancy [ 1]. 
The second reason for interrelating data from different stages of development, was 
to instigate the investigation of the possible interplay (in terms of energy distribu­
tion) of fetal growth and development on the one hand and fetal behaviour on the 
other. Both processes require energy. We hypothesized that fetal activity (besides 
other functions) serves to regulate energy influx and to reduce (in a way) the de­
velopment of macrosomia. 
The specific questions addressed were: 
1. Is there a relationship between early growth delay and subsequent structural 
and/or functional development of the fetus during diabetic pregnancy? 
2. Is there a relationship between excessive fetal growth (macrosomia) and fetal 
motor output or aspects of behavioural state organization? 
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Subjects 
Varying numbers of fetuses were involved in the studies described below. 
Early growth patterns were obtained from 23 fetuses of diabetic women (Chapter 3) 
and behavioural development was studied in 20 of them during the first trimester 
(Chapters 4 and 5). 
The incidence of movements and the emergence of behavioural states were studied 
in 19 different fetuses during the third trimester of diabetic pregnancy and polygra­
phic recordings were made in 7 newborn infants. 
Thirteen fetuses of women with diabetes were studied during both the first and third 
trimesters of pregnancy; six of them also underwent a poly graphic recording. Six out 
of the thirteen fetuses showed true growth delay in the first trimester and seven were 
of normal size at this age. Three of the latter fetuses were macrosomic at birth. 
Longitudinal individual curves of the incidence of body and breathing movements 
were drawn. 
Results 
Feta/ body and breathing movements in the first and third trimesters of diabetic 
pregnancy 
In Chapters 5 and 7, the incidences of fetal body and breathing movements in the 
first trimester of diabetic pregnancy and at 38 weeks ' gestation have been reported 
and compared to those of control fetuses. In Table I of this paragraph, the rates of 
occurrence of these movement patterns at other third trimester ages have been added. 
TABLE I. 
Distribution of the incidence (% of total recording time) of body and breathing movements in 
fetuses and newborn infants of diabetic women. 
Gestational age (weeks) 
30 32 34 36 38 40 40P * (N=2) (N=12) (N=14) (N=14) (N= IO) (N=2) (N=7) 
Median 2 values 15.5 12.5 10 11.5 2 values 11 
Body movement ( 14.5; 19) (11.5; 14.5) 
Range 10-21.5 4-22.5 4.5-17.5 4-15.5 5-16.5 
Median 2 values 24 35 45.5 39.5 2 values 
Breathing movement (32; 89) (4; 74) 
Range 6-66 0.5-72.5 0-78 5-73 N = number of subjects studied per age; 
* = polygraphic recording at 40 weeks PMA on average; the given incidence of neonatal body 
movements is for total sleep 
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Unfortunately, apart from data on 38 weeks in uncomplicated pregnancy, control 
values are absent for this trimester, i.e. a longitudinal study involving the same fetal 
ages and criteria of analysis, is non-existent. Impact of early growth delay on subsequent fetal development 
Birth weight 
First trimester growth in all but one (anencephalic fetus) of the fetuses described 
in Chapter 3 (n=23) was related to their birth weight centile. There was no relation­
ship between the degree of early growth delay and the weight centile at birth 
(Fig. 1 ). Our data therefore do not support the general conclusion drawn by Pedersen 
and M�lsted-Pedersen [6,7] that embryos and fetuses that are too small in early 
gestation do not catch up during subsequent development. 
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Fig. 1. Relationship between the mean growth delay per fetus in early diabetic pregnancy 
(7 to 14 wks PMA) and the birth weight centile. 
Incidence of fetal movements 
At 9 and 11 weeks of diabetic pregnancy, the incidences of general movements, 
breathing movements and total activity were lower in fetuses with early growth 
delay than in appropriately developing fetuses. This can be explained by the delayed 
emergence of movement patterns in these cases (Chapter 4). At 13  and 1 5  weeks of 
diabetic pregnancy, this relationship had disappeared. The data on total fetal activity 
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Fig. 2. Incidence of total activity in control fetuses (left hand part) and fetuses of diabetic 
women at four different gestational ages in relation to the degree of early growth delay. 
During the third trimester, the fetuses with a history of early growth delay showed 
the same amount of motor output (general movements, breathing movements) as the 
fetuses that were of normal size in early diabetic pregnancy. This is shown for three 
examples in Fig. 3. Fetal behavioural states 
The relationship was studied between the average growth delay per fetus in early 
diabetic pregnancy and the occurrence of no-coincidence between behavioural state 
parameters at 36 and 38 weeks gestational age. 
In normal pregnancy, fetal behavioural states emerge during the third trimester, with 
true states being present from 36 weeks onwards [4]. In diabetic pregnancy on the 
other hand, the emergence of behavioural states is delayed, which is reflected for 
example by a high percentage of no-coincidence (Chapters 6 and 7). 
The variables mentioned were negatively correlated (Fig. 4 ) ,  both at 36 weeks 
(R = 0.59, n = 11; p < 0.05) and at 38 weeks (R = 0.45, n = 6; NS). Although the 
number of observations was small, it is possible that disturbances during very early 
fetal development influence maturation and/or the integrity of the central nervous 
system. 
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Fig. 3. Percentage of time (medians and range of values) during which general movements 
(upper part) and breathing movements (lower part) occurred in fetuses of diabetic women 
during the fi rst and th ird trimesters of pregnancy (shaded area). The incidence of general 
movements during polygraphic recording (week 40P) is included. Individual lines give values 
for three out of the six fetuses with early growth delay. The figures are composed of the data 
presented in Chapter 5 (Figs. 3 and 5; first trimester) and in this Chapter (Table I). 
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Fig. 4. Relationship between the mean growth delay per fetus in early diabetic pregnancy (7 
to 14 wks PMA) and the percentage of no-coincidence at 36 and 38 weeks. Development of macrosomia 
The growth pattern in five fetuses during the first and second trimesters in the 
diabetic group who were macrosomic at birth (birth weight > 90th centile) was 
different from that in fetuses with a normal birth weight (Chapter 3). They showed 
no true growth delay in early pregnancy and the biparietal diameter of the fetal head 
deviated positively from the norm from midpregnancy onwards. Three of the five 
macrosomic fetuses were included in the third trimester behavioural study. 
Incidence of fetal movements 
The incidences of fetal general movements, breathing movements and total fetal 
activity at 13  to 1 6  weeks and those of body and breathing movements between 32 
and 38 weeks, were studied in relation to birth weight. However, no significant 
differences were found between the normally grown and the macrosomic fetuses. 
The three individual longitudinal curves of movement incidence are shown in Fig. 5. 1 36 
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weeks Fig. 5. Percentage of time (medians and range of values) during which general movements (upper part) and breathing movements (lower part) occurred in fetuses of diabetic women during the first and third trimesters of pregnancy (shaded area). The incidence of general movements during polygraphic recording (week 40P) is included. Individual l ines give values for three fetuses that were macrosomic at birth. The figures are composed of the data pre­sented in Chapter 5 (Figs. 3 and 5 ; first trimester) and in this Chapter (Table I) .  
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Fetal behavioural states A low occurrence of HRP A (or HRP A' ) and C l F  (or C l )  was found throughout the third trimester of diabetic pregnancy and in  the first week after birth (Chapters 6 and 7) .  During 2-hour observations made between 32  and 38 weeks '  gestation,  no HRP A or HRP A' period was seen in 8 out of the 47 ( 1 7%) recordings of the diabetic group, as opposed to the absence of HRP A in 6 out of the 98 (6%) control recordings (see Chapter 7). These data suggest prolonged cycles of fetal activity before birth. After birth , the incidence of state 2 ("active s leep") was significantly higher in the infants of diabetic mothers which confirms this suggestion .  The 47  prenatal recordings with and without HRP A (or A' ) periods obtained from 1 7  different fetuses were distributed according to fetal birth weight centiles (Table II) .  I t  appeared that HRP A (A' ) was almost exclusively absent in the record­ings from the macrosomic fetuses. 
TABLE IL 
Distribution of 8 recordings without HRP A (or HRP A') among a total of 47 recordings in relation 
to fetal birth weight centiles. 
No. of fetuses 
(N=17) 
No. of recordings 
without HRP A/A' 
< 25 2 0/6 25 - 50 4 0/12 Birth weight centile 50 - 75 75 - 90 > 90 3 3 5 0/9 2/7 6/13 At 36 weeks ' gestation, the percentages of no-coincidence found in the 3 macro­somic fetuses (24, 42.4 and 47%) were s l ightly higher than those in the 8 fetuses with a normal birth weight (median incidence 24%,  range between 12 and 61 % ) .  At 38  weeks, only one macrosomic fetus was studied, whose percentage of no-coinci­dence was 34%. For the five normal weight fetuses, the median incidence was 1 9%, ranging between 8 and 39%. 
Discussion In diabetic pregnancy, early growth delay is rel ated to the occurrence of structural malformations [5 ] .  B loch Petersen et al. [ I ]  also reported a relationship between growth delay and impaired psychomotor development at four years of age in infants of diabetic women .  These studies emphasize the importance of  the embryonic period for structural and l ater functional deve lopment. The finding that embryos and fetuses with early 
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growth delay also show delayed and/or disturbed development of fetal behavioural 
states is in line with that of Bloch Petersen et al. [ 1]. 
In contrast to the Danish studies [6,7], we found no relationship between early 
growth delay and birth weight (centiles). In our opinion, this supports the concept 
that in general, organ structure (and function) are determined during early pregnancy 
and growth during later development. 
Further support for this assumption can be found in the 1944-45 Dutch famine 
studies [3,8]. Infants of women who were exposed to famine only during the first 
trimester of pregnancy showed an increased rate of perinatal deaths and (central 
nervous system) malformations, but were of normal weight at birth [8]. During later 
life, the females who were born with a normal weight and who had been exposed in 
utero to famine during the first trimester, had babies of lower birth weight, with an 
excess of small-for-gestational age infants [3]. These data imply structural (CNS 
abnormalities) and functional (reproductive performance) disturbances. In contrast, 
the infants of women who were exposed to famine during the second and/or third 
trimesters, had a lower weight at birth, but their later development, including their 
offspring, were normal ([3,8; see also [2]). In this group, apparently only growth in 
utero was affected. 
Early growth delay was not associated with a reduced incidence of fetal move­
ments after 13 weeks. Thus, these fetuses did not give "priority" to (catching up on) 
growth at the expense of motility (Fig. 2). 
The fetuses with a birth weight > 90th centile did not make more general movements 
or breathing movements than the other fetuses in the diabetic group. This opposes 
the hypothesis that they might use movements to eliminate an excess of energy 
influx. However, the lower incidence of HRP A in macrosomic fetuses suggests that 
they exhibit longer cycles of activity during the third trimester than the other fetuses 
(see also the General Discussion in Chapter 9). 
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Chapter 9 
Summary and General Discussion 
Since 1979, over one hundred women with type-I diabetes have been treated with 
continuous subcutaneous insulin infusion (CSII) at the Groningen University Hos­
pital (Departments of Clinical Endocrinology and Obstetrics) .  At the former clinic, 
it was endeavoured to start CSII treatment before conception or as soon as possible 
after pregnancy had been confirmed. Although (near) normoglycaemia could gener­
ally be achieved and maintained, the perinatal outcome of pregnancy remained 
unsatisfactory. The incidences of malformations and premature deliveries remained 
high, infants with a birth weight exceeding the 90th centile were common (ca. 30%) 
and the fetus' sibling, the placenta, usually showed structural abnormalities 
[4,20,33]. 
These findings formed the basis for the studies described in the preceding chapters. 
The general aim of these investigations was to map out fetal development in diabetic 
pregnancy as thoroughly as possible. Special attention was paid to the functional 
development of the fetal central nervous system (CNS) as determined from the 
emergence of specific movement patterns (first trimester) and from the development 
of behavioural states (third trimester) . The preferred approach was to study the 
developmental course in the same individual at different stages of pregnancy. In 
addition, embryonic and fetal growth was investigated during the first and second 
trimesters of diabetic pregnancy. The data were related to the quality of maternal 
blood glucose control. 
First trimester of diabetic pregnancy 
In the pregnancies of generally well-controlled women with type-I diabetes, the 
embryos and fetuses were often smaller in the early stages than those conceived and 
developing under uncomplicated conditions. This phenomenon, called early growth 
delay, very likely originates before the seventh gestational week. Catch up growth 
occurred during the second trimester and there was evidence for accelerated growth 
of the fetal bi parietal diameter in fetuses that became macrosomic (Chapter 3 ) .  
All the types of motor activity observed in the fetuses of diabetic women could be 
classified without exception in accordance with the movement patterns known from 
normal fetuses. However, the emergence of these movement patterns, except for 
breathing movements, was delayed by one to two weeks. This delay in functional 
development of the CNS exceeds the delay in early growth and suggests that 
maternal diabetes exerts a specific influence on the early development of the fetal 
nervous system. Breathing movements emerged earlier in the embryos of diabetic 
women. This early emergence was all the more striking when their generally smaller 
size was taken into account (Chapter 4 ). 141  
The developmental course in the occurrence of all movement patterns (except 
startles) ,  was similar to those seen in the control fetuses. Due to delayed emergence, 
fetal movements occurred less frequently before 9 weeks of gestation, whereas after 
1 2  weeks the overall incidence (total motor output) was higher than in the control 
group. The latter was mainly due to an increased incidence of fetal breathing move­
ments . The temporal patterning of the distinct movements did not differ between 
fetuses of the diabetic and control groups; however, there was one exception : breath­
ing movements were generated differently by the CNS in the fetuses of diabetic 
women at the end of the first trimester. They occurred with longer intervals between 
two consecutive breaths ,  resulting in a slower rate (Chapter 5) .  
Third trimester of diabetic pregnancy 
In the fetuses of women with diabetes ,  the emergence of behavioural states was 
disturbed in comparison with that in control fetuses .  Disturbances were reflected by 
a high proportion of no-coincidence of state parameters and especially by the lack of 
achieving proper synchrony of changes in these parameters (Chapter 6) .  The inci­
dence of no-coincidence was especially high in the fetuses with a history of growth 
delay during early gestation, which demonstrates the impact of early developmental 
disturbances on later development (Chapter 8) .  This finding is in line with that of 
Bloch Petersen et al . [5 ] who reported impaired psychomotor development at four 
years of age in the infants of diabetic mothers who showed intrauterine growth delay 
during early diabetic pregnancy. Mention was made of impairments in personal­
social development, gross motor development and language and speech development 
in particular. 
A low occurrence of coincidence I F  and prolonged activity cycles appears to be a 
common feature in the diabetic group throughout the third trimester, especially in the 
fetuses who were macrosomic at birth (Chapters 7 and 8) .  
Detailed analysis of the generation of fetal body and breathing movements at 
38 weeks of pregnancy revealed altered neural regulation of the latter in the fetuses 
of diabetic women, but not of body movements. As described for the first trimester, 
breathing movements were more numerous ,  but occurred at a considerably slower 
rate than in the control fetuses (Chapter 7). Apparently, diabetes has an effect on 
fetal breathing and the influence is present from the onset of these movements on­
wards.  
Infants of women with diabetes 
Poor organization of behavioural states was also present at one week after birth 
and must therefore be considered as a sequelae of long-term exposure to a non­
optimal intrauterine environment, as is present in diabetic gravidae (Chapter 7) .  
Later development appears to  be more favourable. A follow-up study was  carried out 
on forty infants of diabetic mothers (IDMs) born at our hospital ( [ 1 9] and unpublish-
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ed data) . This study included a number of the infants studied in utero. The IDMs were investigated at various ages between 10 months and 4.5 years of age using a set of different psychological tests appropriate for the age at examination (e.g. Bayley­test between 10 and 30 months). Assessed were the level of mental, speech, motor, temperament and behavioural development. These aspects of neuropsychological development did not differ between the IDMs and a group of matched control infants. When a subgroup of ID Ms with a high birth weight was analyzed separately, one difference was found: they showed a delay in motor development as compared to the control infants with a high or normal birth weight. It therefore seems that, generally, IDMs develop successfully after birth, which is in line with the conclusion drawn by others [ 1 7] .  Nevertheless, infants with a history of early embryonic growth delay or those who are macrosomic at birth continue to run an increased risk. Studies on neurological and psychomotor development in infants born to diabetic mothers and which were carried out before 1 980, generally indicated a poor prog­nosis for these infants (Chapter 1 ). The improvements made during the past decen­nium may be due to better blood glucose control during pregnancy and/or to better obstetrical and neonatal management. 
Impact of maternal diabetes control on fetal development Early embryonic growth delay and the usually concomitant delay in the emergence of fetal general movements were most profound in the pregnancies of diabetic women with rather poor quality of glucose control around the time of conception. It generally concerned women in whom CSII treatment was started during the course of the first trimester. This suggests the involvement of one or more diabetes-related factors which induce embryonic growth impairment. Early embryonic growth delay has been reproduced by a number of factors in experimental rodent models of diabetic pregnancy. In vivo studies have demonstrat­ed fetal growth retardation (the young were smaller and weighed less than normal at birth) in rats when pregnancy was complicated by naturally occurring or drug­induced maternal diabetes [ 1 0, 1 2] .  More precisely, the impairment of growth in vivo occurred during early embryogenesis in diabetic rats, i.e. before day 1 1 .5 gestational age [ 1 1 ] .  At that stage, the embryos showed a smaller crown-rump length, a smaller number of somites and less DNA/embryo. The hyperglycaemic state of the animals was implicated as a potential growth-inhibitory factor. Whether hypoglycaemia has the same effect in vivo is uncertain, but Buchanan et al. [6] found that even a one­hour period of maternal hypoglycaemia during early organogenesis (day 9 .5) in the nondiabetic rat resulted in general growth delay in the embryos when examined 2 days later. The in vitro technique of whole rat embryo culture has been employed on a large scale. A multitude of diabetes-related factors were found to be growth-inhibitory: hyperglycaemia, hypoglycaemia, ketone bodies, deficiency of trace elements (zinc and manganese) and tissue homogenates of placenta and decidua [ 10, 1 2,28 ] .  The use of undiluted human serum for whole embryo culture therefore has obvious benefits. 
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The main advantage is probably the direct exposure of embryos and their extra­
embryonic membranes to a total "milieu" with concentrations of substances and 
metabolites that occur under (patho )physiological circumstances in man. 
When we used this technique with human diabetic serum, we saw no sign of impaired 
growth or differentiation in cultured rat embryos, nor did we find any clue for a 
potential teratogenic factor (Chapter 2). The question therefore remains: Which of 
the factors that demonstrate a growth-inhibitory effect in other experiments should 
be incriminated in the human? Hypoglycaemia seems to be the most unlikely candi­
date, as was reassured by the extensive study by Mills et al. ([21]; see Chapter 1). 
Hyperglycaemia, on the other hand, is generally accepted as the most plausible 
causative factor among the metabolic disturbances present in early pregnancy. It is 
not clear by which mechanism and biochemical mediators elevated glucose levels 
exert the adverse influence during organogenesis. Several modes of action have been 
suggested for hyperglycaemia: disruption of glycolysis [ 1 5], inhibition of mitosis 
[8,9], inhibition of somatomedin action [3,29] and inhibition of prostaglandin meta­
bolism by causing deficiency of arachidonic acid [16,25,26] and/or myo-inositol 
[ 1,2,32]. It is open to debate whether hyperglycaemia acts solely, or whether its effect 
also depends on or interacts (via synergism) with other metabolic factors [10,30]. 
Recently, substantial evidence was found that the yolk sac plays an integral role in 
diabetic embryopathy [22,25,26]. 
The human fetus as an active participant in intrauterine ecology 
It is unclear why fetal movements emerge so early and why the fetus moves in so 
many different ways and so frequently (fetal activity may account for 50% of the 
time). Nevertheless, fetal movements may have functional significance [34]. 
First, certain movement patterns are of importance to the instantaneous survival or 
behavioural and morphological development of the fetus. These movements accom­
panied by changes in the intrauterine position may prevent the fetus from contrac­
tures and adhesions and/or stasis of the circulation. Moreover, the development of 
muscles, bones, joints and even the structure of the CNS may depend on these move­
ments. Sucking and swallowing movements regulate the amount of amniotic fluid. 
Second, other fetal movements are anticipatory in character, i.e. they prepare the 
fetus by practice and exercise for his or her postnatal life. These movements take 
place regularly after birth and include yawns, stretches, eye movements and breath­
ing movements. 
Third, as moving costs energy, fetal motility may regulate the flow of fetal energy. 
Despite our comprehensive knowledge on fetal motility, the human fetus is usually 
depicted as a passive passenger in obstetrical and fetal physiological literature. It 
grows and develops inside the uterus as long as nutrients are properly supplied. If the 
fetus is confronted with fuel excess, e.g. too much glucose, the fetal pancreatic B-cell 
(passively) responds with an increased release of insulin which renders him macro­
somic. And that is it ! The tissue culture analogy of pregnancy [14] is such a unidi­
rectional model. 
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However, this view probably does not do justice to the actual course of events. Fetal mechanisms regulating the available energy are not taken into account. For example, it is known that the fetus contributes a large amount of the glucose that is_ metabolized by the placenta [ 1 8] .  Thus, not all the substrate available to the fetus is actually utilized by him. Further, it is possible that fetal insulin production and release are controlled, as in the adult, by the CNS via a complex feed-back system [3 1 ] .  Last but not least, fetal movements may help to regulate the total energy economy of the fetus .  What does the energy budget (income and expenditure) of a developing fetus look like? He receives his income from the substrate from the placenta and the maternal environment, mainly consisting of glucose, but also from amino acids and free fatty acids. His expenditure is divided over several components, including the fuel for fetal oxidative metabolism, building materials for the production of new tissues, glycogen storage in various fetal organs, basal metabolism, heat production and fetal activity. It has been calculated that a newborn infant consumes on average 1 1 0 kcal/kg/day. The partitioning of this energy between basal metabolic requirements, metabolic losses and neonatal activity, leaves an average of 26% of energy for growth [7] . Experimental sheep studies have also suggested that the actual caloric requirements are 2 to 3 times the figures calculated from the amount of accumulated tissue and from the metabolic cost involved in accretion [ 1 3 ,24] . Abolition of fetal movements in sheep results in a reduction in oxygen uptake of almost 20% [23,27] . These figures indicate that the cost of activity in terms of energy is a substantial head of expenditure. It may therefore be stated that fetal motility has a regulatory function as regards the flow of energy. The increased incidence of f�tal breathing movements found throughout diabetic pregnancy (Chapters 5 and 7), as well as the longer activity cycles accompanied by less time spent in coincidence IF (the latter especial­ly in macrosomic fetuses) may serve such a purpose (Chapters 7 and 8). Thus, maybe an excess of glucose is initially diminished by a maximalization of movement incidence and, if hyperglycaemia persists or exceeds a certain level, fetal accretion mechanisms are activated, which stimulate fetal overgrowth. 
Epilogue The data presented in the various chapters of this section demonstrate that fetal growth and the functional development of the fetal CNS during diabetic pregnancy differ from those observed in normal pregnancy. Fetuses of women with type- I diabetes have, as a group, a different growth pattern throughout the first and second trimesters of pregnancy. The development of CNS-related functions shows delayed and/or disturbed charac­teristics. Indicative of this are the delayed emergence of movement patterns in the first trimester of pregnancy, the delayed emergence of behavioural states in the third trimester and, after birth, the continuity of poor behavioural state organization, im­mature EEG patterns and a high incidence of periodic breathing. Evidence for 
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delayed functional development of other fetal organ systems (the lung, liver and 
placenta) is in accordance with these findings of delayed cerebral maturation in 
fetuses and newborn infants of diabetic women. 
What really happens during the periconceptional period and during early diabetic 
pregnancy remains for the greater part obscure. Although hyperglycaemia is a likely 
disturbance-causing factor, the structural and functional development of the 
embryos and fetuses were still affected when the circulating maternal blood glucose 
levels were (near) normal before conception. Thus, excellent, meticulous, optimal, 
physiological, rigid, rigorous, strict, stringent, tight (or whatever term has been used 
in the last decade) glucose control of the mother is no guarantee that developmental 
disorders will be prevented. It must be realized that during diabetic pregnancy, a 
degree of glucose control which approaches that of the finely regulated daily glucose 
levels normally present in the nondiabetic pregnant woman, is only rarely achieved. 
It might be that especially the minute-to-minute fluctuations in blood glucose affect 
embryonic/fetal eel.ls, rather than sustained high glucose concentrations. Moreover, 
the long-term values of glycosylation of haemoglobin may still not reveal true 
episodes of hyperglycaemia. In addition, adequate glucose control may not be 
identical to adequate "metabolic" control and it may well be that other disturbances 
(amino acids, free fatty acids, etc.) persist despite (near) normoglycaemia. 
Nevertheless, good glucose control set up well in advance of conception is recom­
mended by every one, as it is virtually the only remedy at the moment. 
References 
1. Baker, L., Goldman, A.S. , Piddington, R. , Dahlem, S. and Egler, J. ( l  984): Diabetic embry­
opathy: Mechanism may involve prostaglandin pathway. Diabetes, 33 ,  (Suppl. I ), 42A, 168. 
2. Baker, L. , Piddington, R. , Goldman, A.S. , Dahlem, S. and Egler, J. (1986): Myo-inositol 
and arachidonic acid are linked in the mechanism of diabetic embryopathy. Diabetes, 35, 
(Suppl. I), 12A, 45. 
3. Balkan, W. , Phillips, L.S. , Goldstein, S. and Sadler, T.W. ( 1988): Potential role of somato­
medin in the production of diabetic embryopathies. Teratology, 37, 271-282. 
4. Ballegooie, E. van, Visser, G.H.A. and Laurini, R.N. ( l  985): Continuous subcutaneous 
insulin infusion (CSU) in pregnancy. Neth. J. Med., 28, (Suppl. I ), 3-6. 
5. Bloch Petersen, M. , Pedersen, S.A.,  Greisen, G. , Pedersen, J.F. and M�lsted-Pedersen, L. 
(1988): Early growth delay in diabetic pregnancy: relation to psychomotor development at 
age 4. Br. Med. J. , 296, 598-600. 
6. Buchanan, T.A., Schemmer, J.K. and Freinkel, N. ( l  986): Embryotoxic effects of brief 
maternal insulin-induced hypoglycemia during organogenesis in the rat. J. Clin. Invest. , 78, 
643-649. 
7. Carlson, S.E. and Barness, L.A. (1983): Protein and energy requirements of term and 
preterm infants. J. Pediatr. Gastroenterol. Nutr. , 2 (Suppl. 1), S81-S87. 
8. Cousins, L. (1983): Congenital anomalies among infants of diabetic mothers. Etiology, 
prevention, prenatal diagnosis. Am. J. Obstet. Gynecol. , 147, 333-338. 
9. Ely, J.T.A. (1981): Hyperglycemia and major congenital anomalies. N. Eng. J. Med. , 305, 
833 
146 
10. Eriksson, U.J. ( 1984): Congenital malformations in diabetic animal studies - A review. 
Diabetes Res., 1, 57-66. 
I 1. Eriksson, U.J., Lewis, N.J. and Freinkel, N. ( 1984): Growth retardation during early 
organogenesis in embryos of experimentally diabetic rats. Diabetes, 33, 281-284. 
12. Eriksson, U.J. and Styrud, J. ( 1985): Congenital malformations in diabetic pregnancy: The 
clinical relevance of experimental animal studies. Acta Paediatr. Scand., 320, (Suppl.), 
72-78. 
13. Evans, M.I. and Lin, C. ( 1984): Normal fetal growth. In: "Intrauterine growth retarda­
tion". Eds . :  Lin, C. and Evans, M.I. McGraw-Hill, Inc., p. 35. 
14. Freinkel, N. ( 1980): Of pregnancy and progeny. Diabetes, 29, 1023-1035. 
15. Freinkel, N. ,  Lewis, N.J., Akazawa, S., Roth, S.I. and Gorman, L. ( 1984): The honeybee 
syndrome - implications of the teratogenicity of mannose in rat embryo culture. N. Engl. 
J. Med., 3 10, 223-230. 
16. Goldman, A.S., Baker, L., Piddington, R., Marx, B., Herold, R. and Egler, J. ( 1985): 
Hyperglycemia-induced teratogenesis is mediated by a functional deficiency of arachido­
nic acid. Proc. Natl. Acad. Sci. USA, 82, 8227-8231 .  
17. Hadden, D.R., Byrne, E., Trotter, I . , Harley, J .M.G., McClure, G.  and McAuley, R.R. 
( 1984): Physical and psychological health of children of Type 1 (insulin-dependent) dia­
betic mothers. Diabetologia, 26, 250-254. 
18. Hay, W.W., Sparks, J .W., Battaglia, F.C. and Meschia, G. ( 1984): Maternal-fetal glucose 
exchange: necessity of a three-pool model. Am. J. Physiol., 246 (Endocrinol. Metab. 9), 
E528-E534. 
I 9. Holwerda-Kuipers, J. and Visser, G.H.A. ( 1986): Psychological development of infants of 
women with type-I diabetes. In: Proceedings of the 27th Meeting of the Dutch Federation 
of Medical Scientific Societies, April 1986, Groningen, The Netherlands. ISBN 
90. 70248.069. Abstract 171. 
20. Laurini, R.N ., Visser, G .H.A. and van Ballegooie, E. ( 1984 ): Morphological fetoplacental 
abnormalities despite well-controlled diabetic pregnancy. Lancet, i, 800. 
21. Mills, J.L., Knopp, R.H., Simpson, J.L.  et multi al. ( 1988): Lack of relation of increased 
malformation rates in infants of diabetic mothers to glycemic control during organoge­
nesis. N. Engl. J. Med., 318, 671-676. 
22. Naftolin, F., Diamond, M.P., Pinter, E., Reece, E.A. and Sanyal, M.K. ( 1987): A hypothe­
sis concerning the general basis of organogenetic congenital anomalies. Am. J. Obstet. 
Gynecol., 157, 1-4. 
23. Nathanielsz, P.W., Yu, H.K.  and Cabalum, T.C. ( 1982): Effect of abolition of fetal 
movement on fetal intravascular pO2 and incidence of tonic myometrial contractures in 
the pregnant ewe at 114 to 134 days' gestation. Am. J. Obstet. Gynecol., 144, 6 14-618. 
24. Philipps, A.F., Rosenkrantz, T.S. and Raye, J. ( 1985): Consequences of perturbations of 
fetal fuels in ovine pregnancy. Diabetes, 34, 32-35. 
25. Pinter, E. and Reece, E.A. ( 1988): Diabetes-associated congenital malformations: Epide­
miology, pathogenesis, and experimental methods of induction and prevention. In: "Dia­
betes in Pregnancy. Principles and Practice". Eds. : Reece, E.A. and Coustan, D.R. 
Churchill Livingstone, New York, pp. 205-245. 
26. Reece, E.A., Scioscia, A.L., Pinter, E., Hobbins, J.C., Green, J., Mahoney, M.J. and 
Naftolin, F. ( 1988): Prognostic significance of the human yolk sac assessed by ultrasono­
graphy. Am. J. Obstet. Gynecol., 159, 1 191-1194. 
27. Rurak, D.W. and Gruber, N.C. ( 1983): Effect of neuromuscular blockade on oxygen 
consumption and blood gases in the fetal lamb. Am. J. Obstet. Gynecol., 145, 258-262. 
28. Sadler, T.W. and Warner, C.W. ( 1984): Use of embryo culture for evaluating toxicity and 
teratogenicity. Pharmacol. Rev., 36, 145S-150S. 
147 
29. Sadler, T.W., Phillips, S., Balkan, W. and Goldstein, S. ( 1986): Somatomedin inhibitors 
from diabetic rat serum alter growth and development of mouse embryos in culture. 
Diabetes, 35, 86 1-865. 
30. Sadler, T.W., Hunter, E.S., Wynn, R.E. and Phillips, L.S. ( 1989): Evidence for multifac­
torial origin of diabetes induced embryopathies. Diabetes, 38, 70-74. 
31. Strubbe, J.H. ( 1989): Central nervous system and insulin secretion. Neth. J. Med., 34, 
154-167. 
32. Sussman, I. and Matschinsky, F.M. ( 1988): Diabetes affects sorbitol and myo-inositol 
levels of neuroectodermal tissue during embryogenesis in rat. Diabetes, 37, 974-981. 
33. Visser, G.H.A., van Ballegooie, E. and Sluiter, W.J. ( 1984): Macrosomia despite well-con­
trolled diabetic pregnancy. Lancet, i, 284-285. 
34.Visser, G.H.A. and Prechtl, H.F.R. ( 1988): Movements and behavioural states in the human 
fetus. In: "Fetal and Neonatal Development". Ed. : Jones, C.T. Perinatology Press, Ithaca, 
New York, pp. 581-590. 
148 
SECTION II 
FETAL BEHAVIOUR IN NORMAL 
NEAR-TERM PREGNANCY 

Chapter 1 0  
Fetal behaviour i n  normal near-term pregnancy 
Fetal behavioural states Behavioural states are d istinct and d iscontinuous modes of neural act ivi ty [ 1 0] .  They can be identified i n  the healthy human fetus from about 36 weeks post­menstrual age onwards [7] , an age at which behav ioural states are also present in  low-risk pre term newborn infants [ 1 I ] . Fetal states are , although defined by a different set of state variables, homologous to four of the five states in the neonate [7] . Each fetal state is defined by a spec ific combination of the parameters of a set of 3 selected variables: fetal heart rate pattern , body and eye movements [7] . S uch a combination is relatively stable, i .e .  is maintained uninterruptedly over longer periods (from a few minutes to more than half an hour) and transit ions from one state into another are characterized by the almost s imultaneous change of state variables [7, 1 0] .  Both the building up and the maintenance of a particular state require normal brain function. Behavioural states recur repeatedly in a non-random manner. Cycles of sleep states (a period of states l F and 2F at a stretch) last for about 1 to 1 .5 hours [ 1 ,7 ,  1 0, 1 3 , 1 4] .  The site of the hypothetical generator of behavioural states is bel ieved to be in the lower midbrain [2 ] .  
State-dependency of behavioural and physiological variables Recording behav ioural and physiological variables offers the possibil i ty of in­vestigating the neural mechan isms underly ing spontaneous behav iour and behav­ioural states in the human fetus. However, the presence of states has only recently been studied. Nevertheless, some authors have incorporated the fetal state concept into the ir  study design and data presentation. The occurrence of the states l F-4F (percentage incidence and duration of enc losed state epochs) has been reported [ 1 ,5 ,7 ,  1 4, 1 7 ] .  Information is also avai lable on the state-dependent quantity of fetal body movements (a state variable) and of fetal breathing movements and mouth movements (state concomitants) [9] . As regards body movements, the percentage incidence, frequency and duration per burst have been presented for states I F  and 2F 1 5 ,  1 7 ] .  Breath ing movements occur with a more regular rhythm in state l F than in state 2F [8 ] ,  but controversy exists as to the incidence of breath ing. Some authors observed that fetuses breathe less during state l F [ 1 ,  1 5 ] ,  whereas others found no d ifference in inc idence between the two states [5 , 1 3 ] .  The occurrence of various types of mouth movement has been extensively studied by Van Woerden et al. [ 1 6 , 1 7 ] .  They found that regular mouth movements occurred almost exclusively in state I F. No relationship was found between ei ther of the states and fetal h iccups [ 1 7 ] .  
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Several physiological phenomena also show state-dependency. Vascular resistance 
in the descending aorta and internal carotid artery, as determined from fetal blood 
flow velocity waveforms, is lower during state 2F than during state I F  [3,4]. No 
state-dependency was found for the umbilical artery [ 4,6]. The fetal micturition 
cycle is also related to states, with voiding occurring at or after a change from low 
to high heart rate variability [ 1, 12]. 
Outline of this Section 
It is obvious from the foregoing that the existence of behavioural states has to be 
taken into account during the interpretation of (clinical) data and in the design of 
research protocols. Many maternal and environmental factors which may affect or 
modify normal behavioural state organization, still need to be identified. From a 
basic scientific as well as from a clinical point of view, we must find out more about 
the responsiveness of the fetus to sensory stimulation (input-output state-relation­
ships [ 10]). 
In this section, three controlled studies are presented which deal with the possible 
effect of Braxton Hicks' contractions, maternal emotions and vi bro-acoustic stimu­
lation on state regulation in the low-risk near-term fetus, respectively. Finally, an 
example of abnormal state cycling is described in a case of extreme maternal alcohol 
intake during pregnancy. 
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Chapter 1 1  
Braxton Hicks ' contractions and motor behaviour 
in the near-term human fetus 
Summary 
The transient re lationship between Braxton Hicks ' contractions and fetal motor 
behaviour was studied in 14 healthy nul l iparous women near term.  Two-hour 
recordings of fetal heart rate and uterine contractions and of real-time scann ing for 
fetal body movements ,  breath ing, and eye movements were made . The recordings 
were divided into state IF and non-state I F. Braxton Hicks ' contractions were not 
influenced by fetal behavioural states and state changes were not re lated to these 
contractions. Fetal body movements did not stimulate contractions. but contractions 
coincided with a specific c lustering of body movements during the ascending part of 
contractions .  Breathing was c lustered during the descending part of short-lasting 
contractions but decreased gradual ly during the long- lasting ones. Heart rate 
variation was increased during contractions .  
Introduction 
More than a hundred years ago, J .  Braxton Hicks described the existence of 
periods of spontaneous antepartum uterine activ i ty in the human [ l ]. During late 
pregnancy the rhythmicity of these so-cal led Braxton Hicks ' contractions consti tutes 
a remarkably regular feature of the fetal environment in every pregnant woman . 
Cl in ical ly, these contractions have become important for fetal heart rate monitoring, 
and presence or absence of late decelerations after Braxton Hicks · contractions is 
considered to be an important indicator of the fetal condition. Li ttle is known, 
however, as to the reaction of the normal fetus to these contractions or if the fetus 
itself influences the recurrence rate of these contractions by its movements .  
In  sheep, fetal behav ioural states may be influenced by  prolonged low-ampl i tude 
prelabour uterine contractions ("contractures"), often changing rapid eye movement 
s leep to a s leep state in which eye movements are absent 1 2 ] .  These contractures 
were not in i t iated or modified by fetal body movements l 3 J .  
The near-term human fetus exhibits four distinct behav ioural states [4 ] ,  which 
resemble those found in the neonate [ 5  ] .  Because it is possible that in  the human 
these frequently occurring periods of myometrial activ i ty influence fetal behav iour, 
we studied the temporal re lationship between Braxton Hicks ' contractions and motor 
behav iour in the near-term human fetus, taking into account the fetal behav ioural 
states .  In  this study we also investigated the role of fetal body movements as a 
possible control l ing factor of myometrial acti v i ty. 
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Subjects and Methods 
Fourteen healthy nulliparous women were invited to participate in a study that 
combined real-time ultrasound scanning, monitoring of fetal heart rate (FHR), and 
recording of uterine activity. All women were out-patients with normal singleton 
pregnancies of 38 to 40 weeks' gestation. Subsequent delivery and outcome were 
uneventful; all infants were appropriate for dates (birth weight 350 1 ± 465 gm, mean 
± SD) and did well at and after birth. 
Continuous on-line recordings lasting � 2 hr were made between 3:00 and 6:00 
p.m. with the women in a semirecumbent position, slightly tilted to the left. Fetal 
pulse (R-R) intervals were derived from abdominal electrocardiographic electrodes; 
they were recorded on a cardiotocograph strip chart (Hewlett Packard Model 8030 
A) as beats per minute and, after having been preprocessed by means of a micro­
processor, they were stored on a minicassette. These data were analyzed with the use 
of a computer program, of which a detailed description has been published [6], 
yielding information on variations around the basal heart rate (accelerations and 
decelerations, expressed as the root mean square value). FHR was also recorded on 
an event recorder (Hewlett Packard Model 7754 A) at a paper speed of 1 mm/sec and 
stored on a magnetic-tape recorder (Philips, Analog-7). 
Records of uterine activity were obtained with the external tocotransducer of the 
same cardiotocograph and written on its strip chart. The tocographic signal was, 
after amplification, also recorded on the event recorder and stored on magnetic tape. 
Fetal activity was identified by means of two linear-array real-time scanners 
(Model SSD-256, Aloka Co., Tokyo, Japan, and Imager 2300, Siemens AG, 
Erlangen, FRO). Both probes were 3.5 MHz. One observer recorded fetal eye move­
ments; another one, fetal body and breathing movements. All types of fetal move­
ments were recorded by means of handheld pushbuttons on the event recorder, 
together with the FHR and tocographic signal, and were also stored on magnetic 
tape. An example of a compressed 2-hr record is shown in Fig. 1. Body movements 
(excluding isolated limb movements, startles, and isolated movements of the head) 
occurring within 5 seconds of each other were considered to be a single movement. 
Their incidence was expressed as a percentage of recording time. For breathing 
movements apnea was defined as a pause between two breaths of � 6 seconds. The 
incidence was expressed as a percentage of recording time or as the number of 
breaths per time unit. 
Fetal behavioural states, states IF through 4F (the suffix F indicates fetal), were 
identified according to the criteria of Nijhuis et al. [ 4 ]. However, since states 3F and 
4F are scarce, we divided the recordings only into state IF ("quiet" sleep: stable FHR 
with low heart rate variability, body movements absent or incidental, and eye 
movements absent) and non-state IF. 
External tocography provided information on the approximate duration of the 
uterine contractions. Only contractions lasting � 45 seconds were included (n=294 ). 
These represented 8 1  % of all observed contractions. The incidence of contractions 
was expressed as the percentage of recording time (total or per sleep state). 
Statistical analysis was performed with the Wilcoxon signed-rank test, unless 
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Fig. 1. Example of a 2-hour recording, showing, from above downward, the fetal heart rate 
tracing and the occurrence of uterine contractions and body, eye, and breathing movements. 
The presence of the two distinct behavioural states is indicated. 
Results 
A total of 29 hours of observation was obtained from the 14 women. One hour 
(3.5% of total recording time) had to be excluded from the analysis of contractions 
because of incorrect placing of the tocotransducer. For two cases detailed analysis of 
FHR could not be performed because of poor quality of the signal (failure time 
> 50%). 
Details on the incidence of contractions, fetal movements, and occurrence of state 
IF  in the individual cases are shown in Table I. On average 11 contractions occurred 
per hour (35% of total recording time). The mean duration of the contractions was 114 
seconds; 7 1  % lasted < 120 seconds; 25% from 120 to 300 seconds ;  and nearly 4% 
> 300 seconds (Fig. 2). 
All 14 fetuses showed at least one episode of state 1 F. In total 19 of these episodes 
were observed, of which 16 were enclosed periods (mean duration 17 .6 minutes, 
range 6 to 26 minutes). The fetuses spent on average 21  % of recording time in state 
IF. The mean incidences of body and breathing movements were 16.7% and 16%, 
respectively. During non-state IF the mean duration of a single bout of body 
movements was 13.0 seconds (range of means among the individual fetuses from 4.4 
to 24.0 seconds). 
For none of the three parameters taken for comparison was a significant difference 
found in the incidence of uterine activity between state IF and non-state IF (Table 11). 
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TABLE I .  Overall incidence of  uterine contractions, state 1 F, and fetal body and breathing movements per fetus Contractions Duration (sec) % of Body Breathing Case Recording recording State move- move-No. time (min) No./hr Mean ± SEM Range time I F  ments ments 1 60 23.0 70.2 ± 6.7 45 - 1 63 52.8 25.2 1 0.9 1 1 .0 2 1 58 1 4. 1  1 05.5 ± 9.2 46 - 278 4 1 .2 1 3 .3 1 5 .7 26.6 3 1 37 5 .7 1 47.7 ± 23.0 75 - 409 23.3 3 1 .5 2 1 .9 2.3 4 1 20 1 6.5 1 1 9. 1 ± 7.2 68 - 258 54.0 1 7.8 1 6 .8 0.2 5 1 28 4.2 20 1 .0 ± 70.4 66 - 728 23.5 3 1 . 1  1 3 .7 1 8 .5 6 1 20 22.0 85. 1 ± 4.2 45 - 1 6 1  5 1 .5 27.9 7.3 0 7 1 34 1 7.0 97. 1 ± 7.0 46 - 236 45 .9 1 6 .0 26.6 6.6 8 1 20 4.0 1 62.8 ± 26.7 68 - 328 1 8 . 1  1 5 .8 1 0.8 1 6.2 9 1 24 4.4 223.6 ± 75.8 58 - 840 28.5 1 0.6 1 5 .6 34.4 1 0  1 20 3.0 1 30.8 ± 1 9.4 93 - 233 1 0.9 2 1 .8 1 5 .9 5.5 1 1  1 30 2.8 290.5 ± 28.9 1 94 - 395 22.3 1 0.8 29.3 30.3 1 2  1 20 1 6.5 98.2 ± 9.6 45 - 332 46.3 1 7.9 1 4.0 1 5 .6 13 60 1 5 .0 97.9 ± 1 7 .3 46 - 334 40.9 38.9 4.7 2. 1 14 1 40 8.6 I 1 6.8 ± 10.8 45 - 28 1 27.7 20.0 3 1 .0 52.3 Mean 1 1 9 1 1 .2 1 1 3 .8 34.8 2 1 .3 1 6 .7 1 5 .8 SEM 7 1 .9 4.8 3.7 2 .2 2.0 4.2 If not stated otherwise the incidence is expressed as the percentage of recording time. 
During the 5 minutes preceding and following each change into and/or out of state 
IF, the percentage of contraction time was calculated. The mean incidence of uterine 
contractions in each of the four distinct 5-minute periods did not deviate largely 
from the mean incidence observed for the entire recording time (:::: 35%, Table I). 
Neither for the changes from state 1 F to non-state 1 F (n= 19) nor for the changes 
from non-state 1 F to state IF (n= 16) was the incidence of contractions before the 
state change found to be significantly different from that after the change; the mean 
values were 33% as compared with 4 1  % and 39% as compared with 34% of time, 
respectively. Moreover, the incidence of long-lasting Braxton Hicks' contractions 
(duration between 120 and 300 seconds) and prolonged contractions (lasting more 
than 300 seconds) was not increased around the time of these state changes. 
However, the longest contraction we observed (840 seconds) was associated with a 
FHR deceleration, and during this contraction a change from non-state IF to state IF 
occurred. 
The incidence of body and breathing movements during contractions did not differ 
significantly from that found between the contractions; this held both for state IF 
and for non-state IF (Table III). During the contractions, however, a specific 1 58 
durat ion of contra ct ions 
100 N =294 
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150 300 �300 sec. 
Fig. 2 .  Distribution of  the duration of  294 uterine contractions, lasting 2:: 45 seconds. The mean 
duration (114 seconds) is indicated by the arrow. 
patterning of body and breathing movements was found (Figs. 3 and 4 ). Body 
movements showed a clustering in the ascending part of the contraction, followed by 
a significant decrease during the descending part (p < 0.0 1,  as compared with the 
ascending part) . This distribution was found for both categories of contractions (Fig. 
3,a and b), but the increase during the ascending part was only significant for the 
long-lasting Braxton Hicks' contractions (p < 0.02, as compared with the control 
period) . 
TABLE II. 
Incidence of uterine contractions during state 1 F and non-state 1 F 
Parameter 
No. of contractions/hr 
(mean ± SEM) 
% of contraction time 
(mean ± SEM) 
Duration of contractions 
(mean ± SEM) 
State IF 
9.7 ± 1.9 
31.2 ± 5.6 
114.7 ± 9.2 
None of the differences was statistically significant. 
Non-state IF  
11.3 ± 1.8 
33. 1 ± 4.2 
107.6 ± 6.3 
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TABLE III. 
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Fig. 3. Incidence of body movements before, during, and after (a) short-lasting (n=123) and 
(b) long-lasting (n=37) Braxton Hicks' contractions, occurring during non-state l F  (mean ± 
SEM). Both the ascending and descending parts of the contractions were subdivided into two 
sections of equal duration. 
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Fig. 4. Incidence of breathing movements (number per 30 seconds) before, during, and after 
(a) short-lasting (n=53) and (b) long-lasting (n=23) Braxton Hicks' contractions (mean 
± SEM). 
The number of breathing movements per 30-second epoch decreased significantly 
(p < 0.05) during the ascending part of the short-lasting Braxton Hicks' contractions 
but increased again as uterine activity decreased (Fig. 4,a) . For the long-lasting 
contractions such a troughlike pattern was not found, but instead there was a pattern 
with a more or less gradual decrease in the course of the contraction, which con­
tinued thereafter (Fig. 4,b). 
For this detailed analysis the incidence of body movements in the course of the 
contractions was studied only during non-state IF ("active" sleep), whereas breath­
ing movements were studied if they occurred during a contraction or in the 
90 seconds preceding or following that contraction. For those contractions that met 
both criteria (n=55), a specific distribution of these movements was found (Fig. 5) . 
An inverse relationship between the clusters of body and breathing movements was 
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Fig. 5. Body movements and breathing movements before, during, and after (a) short-lasting 
(n=36) and (b) long-lasting (n=19) Braxton Hicks' contractions. Selected were those contrac­
tions, occurring during non-state IF, where in the period of analysis both body and breathing 
movements occurred. 
demonstrated for the short-lasting contractions (Fig. 5,a). The distribution patterns 
of body and breathing movements in the course of the long-lasting contractions Fig. 
5,b) were akin to those presented in Figs. 3,b, and 4,b, respectively. 
Fetal heart rate accelerations (� 1 5  bpm; � 1 5  seconds) occurred almost exclusi­
vely during non-state I F. In the 1 2  fetuses in which this was studied only 2% of the 
accelerations occurred during state IF. Ninety-seven of the 33 1 accelerations ob­
served during non-state 1 F (29.3%) started during a contraction. This approximates 
the percentage of time during which contractions are present in non-state 1 F (33. 1 %, 
Table II); accelerations are therefore not induced by contractions. The mean duration 
of the accelerations that occurred during a contraction was, however, significantly 
longer than that of accelerations not associated with contractions (58.2 ± 3.4 and 
50.3 ± 3.1 seconds, respectively, mean ± SEM; p < 0.01 ). Heart rate variation during 
contractions and in the first minute thereafter was significantly higher (p < 0.05) 
than during the 3 minutes preceding the contractions (Fig. 6). The percentage of 
accelerations that were associated with body movements was equally high during 
and between contractions (92.4 and 93. 1 ,  respectively; binomial test, NS). 
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Fig. 6. Heart rate variation, expressed as the root mean square (RMS)-value, before, during, 
and after short-lasting Braxton Hicks' contractions (n=3 l ), occurring during non-state 1 F. 
Only those contractions that were not preceded or followed by another contraction within 
3 minutes were selected for this analysis. Given are the medians and interquartile ranges. 
Discussion 
In the human, periods of antepartum myometrial act1v1ty were described by 
J. Braxton Hicks as early as 1872 [1]. He was convinced of "the fact that the uterus 
possesses the power and habit of spontaneously contracting and relaxing from a very 
early period of pregnancy (third month)". He detected the contractions manually 
through the vagina and observed that they occurred every 5 or 10 minutes, some­
times even twice in 5 minutes. The duration of each contraction was generally not 
long; ordinarily each lasted from 2 to 5 minutes [ 1]. 
The occurrence of antepartum uterine contractions was confirmed by Caldeyro­
Barcia and Poseiro [7], who studied intrauterine pressure by means of abdominally 
inserted open-tip catheters, in more than 500 women. On average, two to three con­
tractions appeared to occur per 10-minute interval near term. This corresponds well 
with the incidence of nearly two per 10 minutes as found with external tocography 
in the present study. When placed correctly, the transducers detect contractions fairly 
reliably, although no information is obtained on their intensity [8]. At present, little 
information is available about the influences of Braxton Hicks' contractions on fetal 
behaviour or vice versa. 
In the human fetus behavioural states develop between 36 and 38 weeks of gesta­
tion. These states are distinct and mutually exclusive modes of neural activity, 
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reflected by clusters of phenomena, which are stable over time and recur repeatedly 
[5]. 
The period of state IF, which is defined as a period without or almost without fetal 
body movements, provides us with an "in-built" control period, as we can compare 
periods with and without body movements in relationship to contractions in the same 
individual. Consequently the possible role of fetal body movements in the initiation 
of uterine contractions, for instance, by physical stimulation or irritation of the 
myometrium, could be analyzed by this study design. In turn, the possible influences 
of contractions on fetal activity and fetal behavioural states could also be investi­
gated. 
During state IF the incidence of uterine contractions was the same as that during 
non-state IF. This means that the occurrence of contractions (frequency, duration) is 
not influenced by the presence of either behavioural state. Since state IF includes no 
or very few body movements, this implies also that it is very unlikely that fetal 
movements induce or modify contractions. 
The present study shows that in the human, as in the sheep [ 1 ,2], prolonged con­
tractions (lasting more than 5 minutes) do occur. On average one per 2 to 3 hours was 
observed. However, we could not find any influence of these prolonged contractions 
or of Braxton Hicks' contractions on behavioural states, as their incidences were not 
altered near state changes. Prolonged contractions associated with heart rate 
decelerations, however, change the fetal heart rate pattern from high to low variabili­
ty, and in the few cases in which eye and body movements were observed, these 
movements also appeared to arrest temporarily [9]. Consequently it seems, in the 
human, that only in situations of supposed fetal hypoxaemia do prolonged contrac­
tions change fetal behavioural states from REM-sleep to non-REM-sleep. 
In this study we found that in both sleep states the overall incidence of body and 
breathing movements during contractions was the same as in between contractions. 
This indicates that contractions do not alter the overall incidence of these move­
ments. There was, however, a specific patterning of both types of movements during 
the contractions. The decline of breathing in the first half of the contraction, follow­
ed by an increase during the descending part, was also found by Wilkinson and 
Robinson [ 10]. They suggested that this patterning might be due to distortion of the 
fetus, changing sensory input from chest wall and lung afferents, as was also report­
ed in sheep [2]. On the other hand, it might well be a consequence of the patterning 
of body movements, as it is known that fetal breathing decreases during body move­
ments [ 1 1 , 1 2]. The gradual decline of breathing, which continued after the long­
lasting contractions, might be related to a decreased fetoplacental exchange. The 
increase of body movements during the ascending part of contractions suggests a 
stimulation of these movements by contractions. That this does not occur during 
state IF  ("quiet" sleep) is in accordance with an earlier study that showed that 
neither body movements nor heart rate accelerations are induced by external 
physical stimulation of the fetus through the maternal abdominal wall [ 1 3] and with 
the fact that neonates are difficult to arouse during quiet sleep. In the fetus bursts of 
movements occur at more or less regular intervals of about 1 minute [ 14]. It is 
therefore understandable that an increase of movements during the first half of the 
1 64 
contraction is followed by a decrease afterward, resulting in an equal overall 
incidence of body movements during and between contractions. 
The relationship between heart rate accelerations and body movements found in 
this study, is in agreement with reports in the literature [ 1 1 , 15]. Heart rate accelera­
tions are often followed by transient decelerations [ 1 1 ]. The patterning of body 
movements during the contractions might therefore explain the transient increase in 
heart rate variation. The longer duration of the accelerations during contractions 
suggests, however, that other mechanisms might also play a role. One may think in 
terms of qualitative changes in body movements (more forceful) or of compensatory 
heart rate changes induced by the transient reduction in fetoplacental exchange 
during the contractions. 
It is concluded that in the near-term human fetus: ( 1 ) Braxton Hicks' contractions 
are not influenced by behavioural states, and state changes are not related to these 
contractions; (2) body movements do not stimulate contractions; (3) contractions 
coincide with a specific clustering of body movements and breathing movements. 
We thank K.T. Meijer for his expert technical help. Our thanks are also due to Dr. 
A. Boogert for the critical reading of the manuscript and to ·Y. Lems for the 
illustrations. 
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Chapter 1 2  
The effect of (induced) maternal emotions on 
fetal behaviour 
Summary In ten healthy near-term pregnant women the effect of induced maternal emo­tions on fetal motor behaviour was studied. Emotions were induced by showing a film of a normal delivery. Fetal behaviour was recorded by means of real-time ultra­sound observations of general movements and eye movements and by fetal heart rate monitoring. The observations had a duration of 2 h. The data were compared with those obtained during a 2-h control period, which took place the day before (n = 5) or after the study period (n = 5). Maternal emotions (induced) were measured by means of psychological tests. No effects on fetal motor activity or on behavioural state organization could be found as a result of this film. There was, however, a sig­nificant positive correlation (P < 0.01)  between the mean level of anxiety of the women and the motor activity of the fetuses . 
Introduction The belief that the emotional condition of a pregnant woman may affect the child she carries has become the subject of much interest for scientific inquiry over the last decades. Many studies have been conducted which deal with the relation between maternal emotionality during pregnancy and the reproductive outcome. It has been hypothesized that increased levels of negative emotionality in the pregnant woman 
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induce pregnancy and birth complications as well as developmental abnormalities in the newborn infant [4] . Anxiety is the emotional condition most often studied. Although the available data support the notion of a relationship between maternal emotionality and reproductive outcome, they do not permit any conclusions regard­ing the nature of this relationship [4] . See for a review of the literature, e.g. , Refs. 2 -6,9, l l , 1 4 and 18 .  Only a few studies have been published on the relationship between maternal emotional stress and fetal behaviour. In case histories the observation has been made (apparently for the first time in 1 867 by Whitehead) that mothers under severe emotional stress tend to have hyperactive fetuses [7 ,9, 10,20] . Sontag reported similar observations in eight cases in 1941 [ 16] ;  it was, however, not specified how the observations of f etal behaviour had been made. In 1980, during an earthquake in southern Italy, lanniruberto and Tajani had the opportunity of examining 28 panic stricken pregnant women (1 8-36 weeks pregnant) with ultrasonography. All fetuses showed intense hyperkinesia which lasted from 2 to 8 h .  Their movements were numerous, disordered and vigorous [8] . It has also been suggested that far less intense maternal emotional conditions (e .g. listening to music) can affect fetal behaviour [2 1 ] .  As we are unable to  find any controlled studies in the literature on this subject we conducted the present study to investigate (a) whether induced maternal emotions have an effect on fetal behaviour and behavioural state organization and (b) whether there is a relationship between maternal base level anxiety and fetal motor behav­iour. Fetal behaviour was investigated by making combined recordings of f etal heart rate, general movements and eye movements ,  using a cardiotocograph and real-time ultrasound. Emotions were induced by showing a 26-min film of a normal delivery. In a pilot study it was demonstrated that this film is effective as an emotion-inducing stimulus. Subjects and Methods 
Subjects Ten healthy women between 36 and 40 weeks gestational age volunteered to par­ticipate in this study. None of the women had seen the film before. Their age ranged from 19  to 3 1  years (M = 25 .5 years). Seven women were nulliparous; the remaining three had one or two children. All pregnancies were uncomplicated and, except for iron supplements, no medi­cation was prescribed. The subsequent deliveries were uneventful and all infants were born at term and were appropriate-for-dates; six were male and four female. Nine infants had a 5-min Apgar-score of 9 or 1 O; one infant had a 5-min score of 4 and was born with signs of meconium aspiration .  All ten infants did well after birth. 
Recording Fetal behavioural observations were made during 2 successive days, with the women in a comfortable semi-recumbent position. Recordings of fetal heart rate (FHR) and fetal movements were made between 1400 and 1700 h and had a duration 1 68 
of 120 min. Fetal heart rate was recorded with a cardiotocograph (Hewlett Packard 8030A) and was displayed as beats per min on a 4-channel event recorder. Fetal general movements and eye movements were visualized using two linear-array real­time scanners (Siemens, Imager 2300 and Aloka, Model SSD-256). They were encoded digitally by means of an event marker on the event recorder and also onto a minicassette for numerical analysis. Using a previously described computer program [ 19] ,  general movements were analyzed in 3 .75-s epochs. Only one fetal movement was accepted each 3. 75 s, irrespective of the frequency of pressing the button of the event marker. General movements were expressed as a percentage of the recording time per time unit or per behavioural state. The four fetal behavioural states were identified from the combined recordings obtained on the event recorder (paper speed: 1 mm/s), in accordance with the cri­teria as defined by Nijhuis et al . [ 12] .  However, as State 3F and 4F are scarce, the recordings were only divided into State IF (stable FHR with low heart rate variabil­ity; body movements absent or incidental; eye movements absent) and State 2F-4F. The latter includes State 2F through 4F and periods of no-state identified. 
Film and psychological tests The film had a duration of 26 min. Starting with the patient's admission to the obstetrical ward, the film showed, in its course, impressions of the first and second stage of labour, including delivery in a normal nulliparous woman. Besides illustrat­ing the actual birth process, attention had also been paid to the emotions of the woman and her husband. This film, produced by the Department of Obstetrics of the University of Amsterdam, is shown monthly at our department to pregnant women and their partners for educational purposes. In a pilot study, the film was shown to a group of 66 women who were 25-38 weeks pregnant. A standardized anxiety questionnaire (ST Al) was filled in by them immediately before and after the film session. Immediately after the film an ad hoc questionnaire regarding feelings during the film was also completed by the women. The State-Trait Anxiety Inventory (ST Al) [ 1 3 ,  17] was used as a measure of anxiety. This instrument differentiates between an anxiety trait (of a characterological nature, a disposition, anxiety proneness) and state anxiety (which reflects current tension or apprehension and is fluctuating) . The inventory is self-administering and contains 20 items, each scored on a scale from 1 to 4 (1 , not at all; 2, somewhat; 3 ,  moderately so; 4 ,  very much so) . For the present study only the state (situational) anxiety scales were used, as we were interested in the relationship between maternal situational anxiety and fetal behaviour during ultrasound examinations. The ad hoc questionnaire contained ten items and was scored on a similar four-point scale. Sample items include: fascinating, interesting, boring and emotional. The difference between the state anxiety scores before (M = 32.9) and after 
(M = 37 . 1) the film was highly significant {!(65) = 4.48, P < 0.001 , two-tailed paired !-test). In the ad hoc questionnaire the following items received the highest score on the four-point scale: fascinating (M = 3 .06), interesting (M = 3 .06) and emotional (M = 2.91) .  Thus, the film induced feelings of anxiety, with the result that most of the 1 69 
women were fascinated and emotionally touched. The fact that we saw several women crying during the film confirmed these results . 
Study design The film was shown during the second half hour of one of the observation days (the 'experimental' day) . The other observation day served as a control . The control and experimental day fell on two successive days in a counterbalanced order. This means that two sequences were run: experimental session followed by control session (Sequence E-C) and control session followed by experimental session (Se­quence C-E). The women were allocated to either sequence at random. Each session was divided into four 30-min periods; Tl is before, T2 is during and T3 and T4 are after the film period or its control analogues . Figure 1 summarizes the experimental design used. The ten women who participated in the main study filled in the ST AI before and after each of the observation sessions. During the film and recording of fetal move­ments the maternal emotions were observed. On the experimental day the ad hoc questionnaire was completed and a semi-structured interview regarding feelings during the film was held. The procedures followed were in accord with the ethical standards of the commit­tee on human experimentation of the University Hospital of Groningen. 
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Results 
Induced maternal emotionality and base level anxiety The difference between the state anxiety scores before (M = 32.9) and after 
(M = 30. 7) the experimental session was not significant (/(9) = 0.88; P > 0.05, two-tailed paired /-test). Anxiety was the predominant feeling during the film in only a few women. Direct observations of the women, as well as the results from the questionnaire and the semi-structured interview, revealed that, on the whole, other feelings were predominant. Some women were sniffing or crying and reported after­wards that they had been emotionally touched. All the women expressed that the moment of delivery in the film had been a very touching moment. The following items in the questionnaire received the highest score on a four-point scale: interest­ing (M = 3 .20), emotional (M = 2.85), fascinating (M = 2.70), whereas boring got the lowest score (M = 1 .00). Anxiety measured before the observation periods decreased significantly from the first to the second observation day (/(9) = 2. 79; P < 0.01). This finding indicates that the women's anxious reactions to the recordings as such, gradually decreased. 
Fetal behaviour To answer the first question, of whether induced maternal emotions have an effect on fetal behaviour, an analysis of variance was performed on the distribution of fetal behavioural states and fetal activity. The analysis of variance (ANOV A) showed no significant differences with regard to the various aspects of fetal behav­iour between T3 and T4. The data recorded in these periods were therefore com­bined and standardized per 30 min (T3 + 4) . This facilitated the comparison of fetal behaviour before, during and after the film. 
TABLE ! 
Percentages of State IF per 30 min and per total recording. E = experimental day; C = control day. 
1-30 31-60 61-90 91-120 Total 
min min min min recording 
Median 23.3  3 .3 30.0 23 .3 24.2 
E Ql-Q3 0-33 .3 0-36.7 0-51 .7 0-50.0 17 . 1-29.4 
Range 0-63 .3 0-46.7 0-86.7 0-70.0 15 .8-37.5 
SI 
(E-C) Median 10.0 0 0 25.3 20.3 
C Ql-Q3 0-47.5 0-42.5 0-22.5 0-65.0 1 1 .3-25 .6 
Range 0-50.0 0-50.0 0-30.0 0-70.0 7.5-39.2 
Median 0 0 16.7 0 15 .8 
C Ql-Q3 0-45.0 0-10.8 0-60.8 0-39.2 13 .6-23 .7 
Range 0-50.0 0-33.3 0-63 .3 0-46.7 9.2-25.0 
S2 
(C-E) Median 53.3 0 0 13 .3 22.5 
E Ql-Q3 0-63 .4 0-8.3 0-40.9 7.5-25 .2 13 .6-27.0 
Range 0-83 .3 0-33.3 0-83.3 0-40.9 1 1 .7-30.4 
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The following variables were used: time (Tl ,  T2, T3 + 4); condition (experimen­tal, E; control, C) and sequence (E-C; C-E). If the film produces an effect, then the flow of fetal behaviour over the three time periods being considered, can be expected to be different under experimental and control conditions . If this is the case, the ANOV A will reveal a significant condition x time interaction. Analyses of fetal behavioural states did not yield any significant interaction or main effect: the incidence of State IF and State 2F-4F did not differ on the experi­mental and control day. This held true for the overall observation period as well as for the 30-min epochs (Table I). Likewise, the number of state-changes (from State IF to State 2F or otherwise) did not differ significantly during the experimental and control day, nor when analyzed per 30-min epoch (Table II) . Six of the ten fetuses changed state during the 30-min film period, but during the corresponding epoch of the control day and during the other 30-min epochs the findings were proportionally similar. With respect to the incidence of general movements (see Table Ill), calculated per 30 min or standardized for State 2F-4F, no effects of the film were found, as for these measures no interaction between condition and time emerged. Analysis of vari­ance yielded, however, other significant results for these two measures . For the incidence of general movements, calculated per 30 min, a main effect of time (F(2, 1 6) = 9.83; P < 0.01) was found. During the second half hour, general move­ments were present significantly more often (M = 26. 70/o) under all conditions than before or afterwards (M = 20.7 and M = 16 .50/o , respectively) . For the incidence of general movements standardized for State 2F-4F, three signific&nt results were obtained. First of all a main effect of both time and sequence was found (F(2, 16) = 7 .03 ; P < 0.05 and F(2, 16) = 7 .03 ;  P < 0.05 ,  respectively). The percentage of 
TABLE III 
Percentages of general movements during State 2F-4F per 30 min and per total recording. 
1 -30 3 1 -60 61-90 91-120 Total 
min min min min recording Median 3 1 .9 3 1 . 7 19. 1 23 .3 29.6 
E Ql-Q3 27.5-39.2 24.7-37.6 14.2-29.2 10. 1-28.3 25 .6-3 1 .5 Range 22.8-44.9 22.7-39.0 12.5-33 .8 9.7-3 1 .5 23 .3-36. 1 
S1  
(E-C) Median 2 1 .7 34.7 25 .0 1 5 .0 25 .2 
C Ql-Q3 1 1 .8-28. 1 24.8-5 1 .3 20.2-38 . 1  1 1 .5-2 1 .5 20. 1-36.6 Range 7 . 1-46.5 22. 1-55 .2 15 .0-44.4 8.4-27.9 17 .2-38.3 Median 30.2 26.5 25 .6 2 1 .7 24.8 
C Ql-Q3 25 .4-38.8 1 5 . 1-30.7 19.4-28 .7 15 .8-33 . 1  22.8-27.4 Range 17 . 1-42.2 9.6-33.8 3 . 1-30.8 13 .8-34.2 20.2-34. 1 
S2 
(C-E) Median 14.8 23 .8 1 1 . 1  12.3 17.2 
E Ql-Q3 12 .4- 17.4 1 8 .3-33 .8 7.3- 1 7 . 1  10.4-23 .6 16. 1-2 1 .3 Range 8.8-22.7 16.9-35.8 2.5-20.2 5 . 1-24.5  1 5 .9-24. 1 
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general movements standardized for State 2F-4F was also higher during the second half hour (M = 29.4%) than during both the first and third time period (M = 25 .4 and M = 20.2% , respectively). In addition, fetuses studied in sequence E-C showed a higher percentage of general activity (M = 28.0%) than fetuses studied in sequence C-E (M = 22.0%). These findings are somewhat qualified by a significant condition x time x sequence interaction effect (F(2, 1 6) = 4.36; P < 0.05). This rather complex finding is represented in Fig. 2. It means that on the first day the incidence of general movements gradually declined in both conditions, whereas on the second day their incidence peaked during the second 30-min period in both con­ditions. With regard to the second question of whether there is a relationship between maternal base level anxiety and fetal behaviour, the results on the ST AI were corre­lated (Pearson's correlation) with the observed incidences of fetal behaviour. In order to obtain a measure of base level anxiety for each woman the "mean" anxiety was calculated. For each woman the state anxiety scores before and after each ses­sion were summed and divided by two. These measures of anxiety (two for each woman; one per session), were significantly correlated with the incidence of fetal general movements for the 2 h of observation (r(16) = 0.49; P < 0.05) and for the incidence of movements when standardized for State 2F-4F (r(l6) = 0.57; P < 0.01 ; Fig. 3). 
Discussion This study shows on the one hand that maternal emotions, induced by a film of a normal delivery, do not affect behavioural states nor motor activity in the near term fetus, and on the other hand that there is a significant correlation between the mean anxiety level of the pregnant women and mean fetal activity. As induced emotions and base level anxiety represent different entities, there is, of course, no real contradiction in the results of this study. At this point the findings 
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Fig. 3. Regression of fetal motor activity on maternal state anxiety. A positive correlation exists between 
the mean incidence of general movements and the mean anxiety level of the women on both the experi­
mental day (n = 10; 0) and the control day (n = 10; • ).  on maternal anxiety may be of importance. First of all, the data and observations of the women indicate that the film mainly induced emotions which differ from chronic anxiety. For some women anxiety was the predominant feeling, but most of them felt emotionally touched in a different way. In a pilot study the film was shown to 66 pregnant women and for them anxiety was the predominant feeling. The discrep­ancy between the induced feelings in the pilot and the present study group might be explained by the fact that during this study the film was not the only aspect which could induce feelings of anxiety. Other aspects included the fact that the women took part in a study in which they were observed and monitored by unknown experimenters, they found themselves in an unfamiliar situation and were also going to see ultrasound images of their unborn babies. When these factors are involved and if they indeed affect maternal anxiety, it can be expected that the level of anxiety will show a decrease on the second day, when the women have become more familiar with the experimenters and the situation. This decrease did occur and was irrespec­tive of the sequence in which the film was shown (first or second day). So it may well be that the anxiety induced by the film was not strong enough to induce changes in fetal behaviour, or that the anxiety was overruled by stronger emotions. The data on base level anxiety and fetal movements are in agreement with reports in the literature in which severe maternal stress is associated with fetal hyperactivity (see Introduction). However, since the correlation as found in the present study explains less than 250Jo of the variance, one should not overestimate this finding. Moreover, thus far the physiological backgrounds of this relationship are unclear. 
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They cannot be easily explained by increased maternal adrenal gland activity, because it is known from fetal diurnal rhythms that activity is highest when maternal cortisol levels are lowest [ 1 5] .  The latter association seems to be causal because diurnal variation in fetal movements can be abolished by administering a corticosteroid (Triamcinolone R) to the women [ l ] .  The relationship between maternal anxiety and fetal activity raises questions for further research into the clinical importance of these findings. This holds true espe­cially for chronic anxiety and its long-term effects on the infant after birth. The results of the present study clearly show the importance of a sufficiently con­trolled approach to the research question under consideration. It will be recalled that fetuses showed the highest percentage of general movements during the second half hour period, during which the film had been scheduled, irrespective of the condition or sequence. In a non-controlled study, such as the one conducted by Zimmer et al. [21 ] ,  this effect could easily have been mistaken for an indicator of the film's effec­tiveness in affecting fetal activity, an effect which appeared to be non-existent in this study. The other results ,  including the effect of time and sequence, and the cumber­some interaction effect , seem to underline this plea for caution. 
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Chapter 1 3  
Vibro-acoustic stimulation of the human fetus : 
effect on behavioural state organization 
Summary Vibro-acoustic stimulation of the human fetus in being increasingly performed both antenatally and during labour, to differentiate between poor and good fetal health in cases of flat or otherwise suspect fetal heart rate patterns . In a controlled study we investigated the effect of the electronic artificial larynx (EAL) on fetal behavioural state organization. In 10 healthy women with normal pregnancies of 38 
-40 weeks of gestation, recordings of fetal heart rate, body movements and eye movements, with a duration of 1 20-21 0  min, were carried out during two consecu­tive days. In each fetus ,  3-4 episodes of state IF and consecutive state 2F were studied, one of which served as a control observation. EAL stimulation during state IF was associated with excessive fetal movements and with a state change in 7 out of 9 observations (four times into 2F; three times into 4F). Stimulation during state 2F was associated with a change into 4F in four of the nine observations . On days with EAL stimulation the fetuses spent more time in state 4F or in an episode not classifiable (because of an atypical FHR pattern with tachycardia and small accelerations) than control fetuses (2 1 % vs. 3% of time). Dis­organized states or periods of state 4F sometimes lasted for more than 1 h following the stimulation. It is concluded that stimulation with the EAL induces excessive fetal movements , a prolonged tachycardia, non-physiological state changes and a disorganisation and change in the distribution of fetal behavioural states. Until more is known regarding the safety and risks of vibro-acoustic stimulation, it should not be used in a routine clinical setting. 
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Introduction With the antenatal assessment of the fetal condition a flat or non-reactive fetal heart rate pattern causes problems for the obstetrician. On the one hand it may be part of the normal rest activity cycle or quiet sleep, on the other hand it may be a sign of fetal compromise. To differentiate between these two, several stimuli have been used in an effort to "arouse" the fetus . A change from low to high heart rate variability as a response to the stimulus is thought to indicate good fetal health, whereas persistence of a flat pattern is thought to represent compromise. In controlled studies in normal pregnancies it has been demonstrated that widely used stimuli such as shaking of the maternal abdomen and application of sound at close distance from the abdomen, do not change fetal heart rate nor quiet sleep (26,3 1 ] .  Recent observations indicate, however, that a flat fetal heart rate can be modified by vibro-acoustic stimulation with an electronic artificial larynx (EAL) applied directly onto the maternal abdomen (5-9, 12,20,21 ,28,29] . This method is increasingly used as an antepartum tool, as well as during labour. It is described as being easily performed, non-invasive and without contraindications (2 1 ] .  In order to  investigate the effect of  the EAL on fetal behavioural state organiza­tion and to which properties of the stimulus the fetus reacts, we conducted a con­trolled study in 10 healthy women with normal near term pregnancies . 
Patients and methods In 10 healthy women with normal pregnancies of 37-40 weeks of gestation, fetal behavioural observations were made on two consecutive days . Beforehand, a detailed explanation of the investigation was given and informed consent received. The subsequent course of pregnancy and delivery were uneventful . All infants were appropriate-for-dates (birth weight 3200-4400 g) , and did well at and after birth. The studies took place between 1 6:00 and 1 9:00 h and had a duration of 120-210  min. All women had had a non-standardized lunch at approximately 1 3 :00 h.  Dur­ing the recordings no food was supplied. Altogether 50 h of recording were made. Records were made with the women lying in a semirecumbent position. Fetal behav­iour was studied by simultaneous recordings of fetal heart rate, generalized body movements and eye movements . Fetal heart rate was measured using an ultrasound transducer and was recorded on a cardiotocograph strip chart (Hewlett Packard 8040A). Fetal body and eye movements were visualized using two linear array real­time scanners (Aloka, SSD-256 and Siemens, Imager 2300). One transducer was held so that a sagittal section of the fetal trunk could be observed. The second transducer was aligned to produce an oblique-sagittal image of the fetal face including an eye [4] . Fetal eye and body movements were recorded digitally, with the use of an event 
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marker and, with fetal heart rate, encoded on an aanlog 7 tape recorder. The record­ings were analysed for the presence of behavioural states 1F-4F (F for fetal), according to the criteria as defined by Nijhuis et al . [ 1 8] .  If a stable association of the three state parameters existed for at least 3 min and if transitions from one state into another lasted not more than 3 min, the presence of fetal behavioural states was accepted. State lF is characterized by a stable heart rate with a small oscillation bandwidth (FHR pattern A) and absence of eye and generalized body movements. In state 2F, eye movements and periodic body movements are present; fetal heart rate has a wide oscillation bandwidth between the frequent accelerations (FHR pat­tern B) . In state 3F body movements are absent, eye movements are present and fetal heart rate has a wide oscillation bandwidth without accelerations (FHR pattern C). In state 4F there are prolonged accelerations (FHR pattern D), numerous body movements and presence of eye movements . These fetal states correspond to state 1 to state 4 in the fullterm newborn infant [23] . In each fetus, three to four episodes of state lF and consecutive state 2F were studied; one of these served as a control observation. During the experimental obser­vations the fetus was stimulated 10 min after onset of a state lF and at 1 5  and 25 min, respectively, after a change from state lF  into state 2F. These three sequential stimulations were always given with the same stimulus (see Fig. 4) . A Servoxr EAL was used in nine women and was applied for 2 s directly onto the maternal abdomen, close to the fetal head. The EAL produces short pulses with a repetition rate of 1 10 Hz and a frequency spectrum as shown in Fig. 1 .  This spectrum was recorded using a pressure sensitive transducer located approximately 3 cm from the EAL on the abdomen. It consists of a fundamental frequency of 1 10 Hz with many higher harmonics. The spectrum envelope has a maximum between 440 and 990 Hz. When held in air, the EAL produced a sound pressure level of 105 dB SPL (sound pressure level) at a distance of 5 cm from the vibrating membrane. 
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Frequency ( H z )  Fig. I .  Frequency spectrum of the electronic artificial larynx stimulus measured with a pressure sensitive transducer on the abdomen (vertical scale is in dB with respect to the electric noise level of the measuring equipment). 
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In order to investigate to which properties of the EAL signal the fetus reacts, a "minishaker" (manufacturer Bruel & Kjaer) was used. With this electromagnetic shaker, different stimuli can be supplied. In nine cases, a signal with the same prop­erties as the EAL signal was used. This signal consisted of a train of short rectangular shaped pulses with a repetition rate of 100 Hz. In contrast to the EAL this stimulus was hardly audible (< 30 dB at 50 cm). Altogether nine stimulations were given during state IF  and 1 8  during the subsequent state 2F (see before). A hardly audible sine wave stimulus of 100 Hz was given in four cases (thus in total 12  stimulations); since the latter stimulus produced no  fetal reaction, a sine wave stimu­lus of 750 Hz was given in another four cases. The duration of stimulation with the minishaker was always 5 s. During stimulation the surface of the minishaker (diameter 2.5 cm) was pressed firmly onto the maternal abdomen, close to the fetal head. The order of control and stimulus observations was randomized. 
Results EAL stimulation during state IF was associated with a change in fetal heart rate pattern in seven of the nine observations (Table I). On four occasions, fetal heart rate changed to pattern B and on three occasions to pattern D. This change occurred within 10 s after stimulation. After the 100 Hz rectangular pulse on four occasions a change in heart rate pattern occurred; twice the heart rate changed to pattern D. Of the two cases that showed during state IF no response to EAL stimulation, one did respond to the 100 Hz rectangular pulse with a change from heart rate pattern A to pattern B. The other case also failed to respond to the 100 Hz pulse. The sine wave stimuli did not induce a reaction and also during the control observations no change occurred after 10  min of state IF (Table I) . During state 2F, only the EAL stimulus was associated with a change in heart rate pattern (from pattern B to D in four of the nine cases). The median percentage of time that accelerations were present increased significantly from 16  s during the 5 min preceding the stimulation to 58 s during the 5 min thereafter (Wilcoxon matched-pairs rank test, P < 0.01). In the first 5 min after stimulation with the 100 Hz rectangular pulse, the amplitude of  the accelerations was significantly higher TABLE I Changes in fetal heart rate (FHR) pattern following stimulation during state IF. Stimulus n FHR pattern No change Pattern B Pattern D Electrolarynx 9 2 4 3 100 Hz rectangular pulse 9 5 2 2 100 Hz sine wave 4 4 750 Hz sine wave 4 4 Control observation 9 9 
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Fig. 2. General movements (percentage of recording time; mean ± S.E.M.) the 5 min preceding and fol­
lowing stimulation with the electronic artificial larynx during state lF Oeft) and during a state IF episode 
without stimulation (right). Number of observations = 9. than in the 5 min preceding this stimulus (median amplitude 1 6  and 25 beats/min, respectively; Wilcoxon matched-pairs rank test, P< 0.05). The changes in fetal heart rate pattern following EAL stimulation during state IF  represent true changes in  behavioural state since simultaneously body movements and eye movements appeared (Figs. 2 and 3). This can also be seen from the state profiles of fetal heart rate, general movements and eye movements of two fetuses to which the EAL was applied (Fig. 4). In one of these two fetuses (case B), EAL stimu­lation resulted in a change from fetal heart rate pattern A to D, followed approxi­mately 7 min afterwards by an atypical fetal heart rate pattern with baseline 
eye movements 
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Fig. 3. Fetal eye movements (number per minute; mean ± S.E.M.) the 5 min preceding and following 
stimulation with the electronic artificial larynx during state lF Oeft) and during a state IF episode without 
stimulation (right). Number of observation = 9. 
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0 1 0  2 0  3 0  4 0  5 0  6 0  7 0  8 0  90  100 1 1 0 120 min .  Fig. 4. State profiles of fetal heart rate (FHR), general movements (Gen. Mov .) and eye movements (Eye Mov .) of two fetuses to which the EAL was applied. In case A there was no reaction following stimula­tion with a sine wave stimulus of 750 Hz. Following the EAL stimulus there was a change into state 4F. In case B EAL stimulation during state IF also resulted in a change into state 4F. Approximately 7 min later an atypical heart rate pattern occurred (Fig. 5) which lasted for the whole observation period (dashed line). 
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1min. Fig. 5. Fetal heart rate pattern following EAL stimulation (experimental) and control observation made in the same fetus .  Paper speed 2 cm/min. The state profile of this fetus is shown in Fig. 4b. 184 
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Fig. 6. Stimulation with the electronic artificial larynx induced a prolonged heart rate acceleration fol­
lowed by a severe deceleration. Paperspeed 2 cm/min. tachycardia and small accelerations. This atypical heart rate pattern is shown in Fig. 
5. When compared to the control observation there was a striking increase in fetal heart rate, with a decrease in the size of the accelerations. This •pattern differs from that seen during state 4F, as with the latter there are large, sometimes fused, accelerations with in between always a return to a normal basal heart rate. This pat­tern also continued in the absence of general movements and resulted in disorgan­ized states (see Fig. 4, case B) . This pattern, seen on four occasions after EAL stimulation, lasted in this fetus for 1 . 5 h !  In another fetus, EAL stimulation induced a prolonged heart rate acceleration followed by a severe deceleration (Fig. 6). During the observation episode on days with EAL stimulation, the fetuses spent more time in state 4F or in a behaviour pattern not classifiable because of the fore-
TABLE II 
Distribution of occurrence of epochs of coincidence IF, 2F and of episodes of no-coincidence in the study 
group during the observation period on days with EAL stimulation and in a control group matched for 
parity and gestational age (data from Refs. 17 and 3 1). The number of cases in which coincidence 4F or 
an unclassifiable heart rate pattern was found is also indicated as well as the mean percentage of time that 
such patterns were present. 
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1 85 
mentioned atypical heart rate pattern, than control fetuses (21 OJo and 30Jo of time, respectively; Table II). Comparison within the same population was hampered because on days that no stimulation was given with the EAL, often a 100 Hz rectan­gular pulse was given, which also might affect fetal behaviour. However, in seven fetuses a comparison could be made between behavioural state organisation on days with EAL stimulation and on days during which only a sine wave stimulus was given. With EAL stimulation, twice a pattern D and on three occasions a non-classi­fiable heart rate patterns were found. During the control observations only once a pattern D and never a non-classifiable heart rate pattern occurred. Discussion Vi bro-acoustic stimulation of the human fetus is being increasingly performed both antenatally and during labour [3 ,5-9, 12, 1 3 ,20,21 ,28,29] . This stimulation is used despite the fact that no standardization exists of the stimulus applied, no uni­form nomenclature for scoring test results has been developed; there is limited infor­mation as to the efficacy of the test and no substantial information on the safety of this procedure is available, as Romero et al. concluded in a comprehensive review [25] . The most important rational for stimulation is to differentiate between poor and good fetal health in cases of flat or otherwise suspect fetal heart rate patterns. Antenatally vibro-acoustic stimulation may give fewer false positive results than the non-stress test for fetal heart rate monitoring [28] . During labour, it is claimed to better predict fetal outcome [12,29] . Others found, however, no difference in response between fetuses with distress at del�very and healthy fetuses [24] and in otherwise healthy fetuses EAL stimulation during labour has resulted in cases with a prolonged fetal bradycardia [24,27] , once necessitating caesarean section [27] . An advantage of vibro-acoustic stimulation is that it should reduce testing time [12,27] . However, compared with a standard non-stress test of fetal heart rate, only about 4.5 min are gained [28] . Stimulation with.the EAL is also advocated as a useful tool for in utero neurological evaluation by evoking fetal startles [5 , 1 3] and as a hearing test by evoking blink startle responses [3] . Responses to EAL stimulation can be obtained in fetuses from 24-25 weeks onwards [3 , 1 3] . They consist of an eye-blink [3] , startle [5 , 1 3] ,  increase of body movements [6,20] and decrease of fetal breathing [6] , and of an increase of basal fetal heart rate and of heart rate accelerations [7-9,20] . The effects upon fetal heart rate and movements may last for more than 1 h [6, 7] . These responses also occur in intrauterinely growth retarded fetuses [9] . In the present study most fetuses responded to EAL stimulation. In two of these low risk cases, however, without any obvious reason, no reaction was obtained. This implies that this stimulation, at least when applied for only 2 s, is not reliable to dif­ferentiate normality from poor fetal health .  In  most of  the quoted studies, a Western Electric® electronic artificial larynx was used. The output intensity of this instrument as measured in air and close to the probe surface is approximately 1 10 dB [3 ,5 ,6,2 1 ] .  At 1 m the sound pressure level is about 82 dB [28] . Sound pressure level in air is a poor measure for the strength of the stimulus . Other measures, however, require complicated equipment. In our opinion the best measure for a vibrating piston held against the abdomen is the amplitude, 
1 86 
velocity or acceleration of the piston as a function of time, combined with the force with which the piston is pressed against the abdomen. Such controlled stimuli can be supplied by a piston driven by an electromagnetic shaker, to which an accelerometer is coupled. An alternative is to measure the frequencies and intensities over the maternal abdomen with a calibrated pressure transducer. Using the latter technique, Gagnon et al. [7] observed on the maternal abdomen, approximately 2 cm from the source, frequencies between 100 and 20,000 Hz with maximum vibration at 450 Hz. Their levels and frequency spectrum are similar to the findings in the present study. The attenuation of external sound through maternal tissue is approximately 20-30 dB (at 100-500 Hz [34)). This, however, does not seem to hold for stimulation with the EAL, as it was recently shown that stimulation on the abdominal surface of ewes resulted in an average sound pressure of 135 dB close to the fetal ear [10) .  The EAL used in this study produced an intensity of 103 dB in air close to the probe sur­face. The in utero measurements were made with a hydrophone. This illustrates that with an instrument designed to propagate sound pressure more efficiently through tissue and fluid than through air, output measurements made in air are of limited value. Assuming that these data also hold for the human, they also indicate that very high intensities are delivered to the fetus .  This would explain the strong fetal reac­tions evoked with this instrument. In the present study, in some cases excessive fetal movements could also be evoked with a barely audible 100 Hz pulse train from the minishaker, whereas no reactions could be induced by sine waves of 100 or 750 Hz. This suggests that the shape of the signal (rectangular pulse) and/or the frequency range, are also impor­tant aspects in inducing fetal respones. A stimulus applied to the abdomen reaches the fetus through vibration of the amniotic fluid and surrounding tissue. Whether the stimulus is called sound or vibration depends on the organ(s) with which the stimulus is perceived, and not on the stimulus itself. If, for instance, a finger is put on the membrane of an EAL, one feels at the same time vibration to the skin and hears sound with the ears; there is, however, only one stimulus, the vibrating membrane. It is not clear if the fetal reac­tions to EAL are due to stimulation of the fetal cochlea or to stimulating cuteaneous and vestibular organs, and/or proprioceptors in muscles and bones. There are, how­ever, some indications as to which modality may be involved. From the newborn inf ant it is known that sound stimuli elicit no responses in state 1 (heart rate and movements) but do so during states 2 and 3 [ 1 1 ] .  Vibration of the body or head elicits very strong and brisk responses during state 1 ,  no consistent responses during state 2 and moderate responses during state 3 [14,23) . The fact that very strong and long­lasting responses are obtained with the vi bro-acoustic stimulation in the fetus during state IF but less so during state 2F makes it likely that responses are induced by stimulation of vestibulum and proprioceptors, rather than by the fetal cochlea. Moreover, another possibility is pain perception. As EAL-reactions may occur in any state, they may belong to the same category as those generated by pain. In the neonate the reactions to this modality were the only ones independent of state [14] .  I f  the sound pressure that reaches the fetal ear indeed proves to be up to 1 35  dB [10] ,  pain perception might well occur. 
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The fact that the effects of EAL upon fetal heart rate and movements have been reported to last for more than 1 h indicates how excessive the fetal reactions to EAL stimulation may be [6,7) . The present study showed that the EAL induces fetal heart state changes from state IF to state 4F. Such state transitions are not physiological and have never been observed in 67 2-h recordings made in near term low risk fetuses [ 15 , 18 ,32) ,  nor in recordings made in fetuses of type- I -diabetic women [ 16] ,  or in growth retarded fetuses [33] . Thus far, such a transition was only observed in a case of high maternal alcohol intake during pregnancy [ 1 5] .  Apart from the non-physiol­ogical state changes, there was a change in state distribution and a disorganisation of behavioural states . This disorganisation, which was observed in four of the nine fetuses in which the EAL was applied, can last for up to 1 .5 h or longer. The verbal response of the women to stimulation with the EAL is of course subjective. How­ever, they are the only ones who can compare normally felt movements with those following EAL stimulation. The description of the latter (' 'the fetal movements hit me like a bomb" or "it was as if the fetus went through the ceiling") is such, which is never given about spontaneous movements, and also indicates how excessive a fetal response can be evoked. The sudden profound prolonged tachycardia that can be induced with the EAL is worrysome. This may well reflect a sudden release of fetal catecholamines and an increase of fetal blood pressure. This was also suggested by Gagnon et al . [6] who observed a decrease in fetal breathing following EAL stimulation. In fetal monkeys it has been shown that breathing is reduced following norepinephrine infusion [ 17] .  Whole body vibration in adult rats results in a decrease o f  whole brain norepine­phrine ( 19) �  In fetal sheep, vibro-acoustic stimulation (105-120 dB applied on the maternal surface of the ewe) appeared not only to enhance glucose utilization in the brain stem nuclei of the auditory system, but also in many non-auditory cerebral structures [ 1 ] .  This observation also suggests that central nervous system alterations induced by EAL involve the whole brain. A sudden increase of heart rate (and possi­bly of catecholamines and blood pressure) may not be harmful to a normally grown term fetus . It may, however, be potentially dangerous to normally grown fetuses before reaching term or to growth retarded fetuses, in whom temporary blood flow changes to the brain might induce intracranial bleeding. Furthermore, in intra-uter­ine growth retardation induced fetal movements might temporarily further reduce the oxygen content, because of an increased oxygen consumption. In growth retarded fetuses it has indeed been shown that late heart rate decelerations occur particularly following fetal movements [2] . The fact that neonatal auditory func­tions do not appear to be disturbed following intrapartum EAL stimulation [22] can not be regarded as adequate proof of safety of this procedure. Reviewing the effect of external stimuli upon fetal behaviour Timor-Tritsch [30] concluded that adequate stimuli in the normal physiological range do not change state IF, whereas inadequate ("painful") procedures might change this fetal state. The present results are in agreement with this statement. Stimulation with the EAL induces excessive fetal movements, a prolonged tachycardia, non-physiological state changes and a disorganisation and change in the distribution of fetal behavioural 1 88 
states . Its clinical usefulness is doubtful because of the varying fetal responses and the absence of a response in two of the normal fetuses in this study group. Until more is known regarding the safety and risks of vi bro-acoustic stimulation, it should not be used in routine clinical setting. 
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Summary 
Chapter 1 4  
Abnormal fetal behavioural state regulation 
in a case of high maternal alcohol 
intake during pregnancy 
In the near term human fetus disturbed behavioural state organization has been 
found in cases of intra-uterine growth retardation or maternal type-1-diabetes. The 
present case report describes abnormal fetal behavioural state organization found in 
combination with maternal alcohol abuse during pregnancy. The abnormalities 
included frequent interruptions of the periods of concordant association of 2F­
parameters, reflected by a high proportion of no-coincidence, and spontaneous 
awakenings (State 4F), always following stable periods of State l F. The latter 
phenomenon was not found thus far by us or others, neither in normal nor in 
complicated pregnancies. After birth normal state organization was found. It is 
suggested that the abnormalities in fetal behaviour might have been due to maternal 
alcohol abuse, whereas a possible withdrawal effect might have occurred in utero. 
Introduction 
Low-risk fetuses exhibit true behavioural states from 36 to 38 wk gestation 
onwards, an age similar to that at which states appear in low-risk preterm infants 
[ 4]. Although defined by other state variables, fetal behavioural states are analogous 
to four of the five behavioural states described in the newborn infant [6]. Birth does 1 9 1  
not constitute a major breakpoint in the development of neural function from 
prenatal to postnatal li fe, as fetal behavioural states are continuous with those 
observed in the newborn infant. 
The presence of behavioural states is one of the indicators of maturi ty and 
integri ty of the fetal and infant's nervous system. By studying fetal behavioural 
states the functional development of the nervous system can be assessed. This 
approach recently revealed delayed or disturbed development of behavioural states 
in growth retarded fetuses [ 11 ]  and fetuses of type-I-diabetic women (E.J.H. Mulder 
et al., in prep.). In this paper a case is described in which abnormal fetal state 
cycling was found, most likely caused by maternal alcohol abuse during the majority 
of pregnancy. 
Patient and Methods 
A 30-yr-old woman, gravida 1 para 0, was admitted to the obstetrical ward at 36 
wk of gestation, because of suspected intra-uterine growth retardation. Until that 
time pregnancy had been uncomplicated . At admission she was normo-tensive and 
the only abnormalities found were raised blood levels of two liver enzymes : GOT: 
76 U /1 and GPT: 93 U /1 1 . The levels of other liver function determinants - AP, 
LDH, bilirubin and gamma-GT - were all within  the normal ranges. During the 4 
wk of hospitalization the levels of GOT and GPT decreased into the normal range. 
Confronted with these laboratory results the woman admitted that she drank about 
10 glasses of beer or more a day during the first 3 mth of pregnancy and between 2 
and 10 glasses of  beer a day during the following months. Besides, she smoked 
about 10 cigarettes a day. 
At 40 + 6 wk of gestation labour was induced. The second stage of labour was 
terminated by forceps extraction, because of sustained fetal bradycardia and 
meconium stained amniotic fluid. A male infant was born with a birth weight of 
2860 grams ( < 10th percentile for the Dutch population). 
Combined recordings of fetal heart rate (FHR) and real-time ultrasound observa­
tions of fetal behaviour were made at 38 + 6 and at 40 + 1 wk gestational age, 
lasting 123 and 144 min, respectively. FHR was continuously recorded by means of 
a cardiotocograph using Doppler ultrasound (Hewlett Packard 8040 A). Fetal body, 
eye and breathing movements were visualized using two real-time ultrasound 
scanners (Aloka, SSD-256 and Siemens, Imager 2300). All movements were scored 
on an event recorder (Hewlett Packard 7754 A) by means of hand-held push-but­
tons, together with the FHR-signal. The two recordings were analyzed for the 
presence of behavioural states lF through 4F (F for fetal), according to the criteria 
of Nijhuis et al. [ 4] . If stable association of the three state parameters existed for at 
least 3 min and if  transitions from one state into another lasted not more than 3 1 The normal ranges of GOT and GPT are: 0-40 and 0-30 U/1, respectively. GOT: glutamate 
oxalacetate tran�aminase ; GPT: glutamate pyruvate transaminase; AP: alkalic phosphatase; LDH : 
lactate dehydrogenase. 
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Fig. 1 .  Profiles of the state variables - fetal heart rate pattern (FHRP). body movements (BM) and eye 
movement!> (EM) - at 39 wk (above) and at 40 wk of gestation (below). All transi tiom into and out of 
epoch!> of State 1 F were completed within 3 min, demonstrating linkage of the state variables. All period!> 
of State 1 F were followed by an episode of State 4F. Stab Jc periods of State 2F were not observed as 
linkage of state variables was insufficient. Coincidence of 2F and 4F parameters is indicated by C 2F and 
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Fig. 2. State profile constructed from the polygraph.ic recording made at 4 days post partum. A period of  
feeding and handling is indicated by the  dotted bar. 
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Neurological examination was performed 3 days post partum. On the morning of 
the fourth day (41 + 3 wk post menstrual age) a 4-h recording was made of 
respiration (nasal thermistor, and EMG's of upper intercostal and diaphragm), eye 
movements (horizontal EOG), EEG (frontocentral and centro-parietal derivations 
right and left), and EMG's of chin, biceps and triceps (right and left). Behavioural 
notations were made throughout and time-lapse video was used to obtain a 
permanent record of postural changes and motility. 
A behavioural state profile was drawn up on basis of the essential identifying 
criteria for neonatal states, as described by Prechtl [6]. The resulting state profile is 
shown in Fig. 2. 
Results 
In both antenatal recordings, two stable, enclosed epochs of State I F  were 
present, with short transitions into and out of this state (Fig. 1). All epochs of State 
l F  were preceded by periods of Coincidence 2F. Remarkably, all four transitions 
out of State lF were followed by an episode meeting the State 4F criteria (' active 
wakefulness'), of which an example is shown in Fig. 3. Three of these episodes were 
true, enclosed States 4F, the other one has to be called a period of Coincidence 4F, 
as recording was stopped there. The three enclosed epochs of State 4F were followed 
by either a period of Coincidence 2F or a period of no-coincidence (Fig. 1 ) . The 
periods of Coincidence 2F, however, were not very stable as body movements were 
frequently absent for more than 3 min. This resulted in rather high percentages of 
no-coincidence (19.5 and 10.8%, respectively). The mean fetal heart rate was about 
1 30 beats/ min in both recordings; during periods of FHRP D a rate up to 180 
beats/ min was observed. The PI-values were 1.24 ± 0.11 and 1 .49 ± 0.16 respec­
tively; mean ± SD;  the latter value is increased compared to control values and 
indicates raised placental resistance. 
At birth no overt dysfunctions and external malformations were visible, nor did 
the infant show any sign of distress, as judged by the Apgar scores at 1 and 5 min, 
which were 8 and 10, respectively. The pH of umbilical artery blood was 7.23. 
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Neurological examination at 3 days post partum was normal. The postnatal state 
profile (Fig. 2) showed completely normal state cycling without spontaneous 
awakenings (State 4). The baby remained in fact sleepy even while being fed, and 
though showing a normal amount of movements, he had a low intensity of 
movement. The one remarkable feature of the polygraphic recording was an 
extraordinarily pronounced short-term heart rate variability, and low heart rate 
(60-70 bpm). This appeared to be the result in part of an augmented degree of sinus 
arrhythmia. Beat-to-beat oscillations in instantaneous heart rate of 45 beats/min 
were common. 
There were no other unusual polygraphic findings. In particular, there was no 
evidence of the so-called ' hypersynchrony' in the EEG, which has been described in 
infants of alcoholic mothers [2]. EEG-patterns were appropriate for age and state. 
While in hospital, the impression of a very quiet baby did not change during the 
first days after the polygraphy. 
Comment 
At admission the woman mentioned only social drinking behaviour (2- 3  glasses 
of beer a day) in the course of pregnancy. The signs of disturbed liver function, 
however, drew our attention to a possibly excessive alcohol consumption, which was 
admitted by her after thorough questioning. Especially during the early period of 
pregnancy her alcohol intake was high. Hence, the pre- and postnatal recordings 
were made on suspicion of fetal alcohol syndrome (FAS), as described e.g. by Jones 
et al. [3]. 
Except for growth retardation, none of the common externally visible F AS-fea­
tures (e.g. characteristic facial abnormalities and microcephaly) were present in our 
case at birth. However, even in the absence of visible malformations, infants born to 
alcoholic women can show behavioural and EEG abnormalities. Sleep disturbances 
are also frequent complications, where periods of REM and non-REM sleep are 
often interrupted by episodes of indeterminate sleep or wakefulness [8,9]. Further­
more, EEG-patterns made during REM-sleep can quite often not be distinguished 
from those recorded during non-REM-sleep: ' hypersynchrony' [1,2]. 
Postnatally, no obvious behavioural dysfunctions were observed in our case, such 
as jitteriness and hyperexcitability. On the contrary, the baby behaved very quiet 
and sleepy. Hence, the infant did not fit the characteristic clinical description of 
infants with fetal alcohol syndrome, neither in terms of neonatal behaviour (no 
suggestion of a withdrawal syndrome), nor in his neurological function or behaviou­
ral state patterns. 
Prenatally, we did not see, unlike others for the neonate [2,8,9], interruptions of 
State l F  (' non-REM-sleep'). In fact State l F  was well organized. The presence of 
periods of wakefulness and increased incidence of no-coincidence, fit however into 
their behavioural description of FAS-infants. The relatively high percentage of time 
during which no-coincidence could be identified has been described in near term 
growth retarded fetuses [ 1 1 ]. The transitions from State l F  into State 4F, on the 
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other hand, were an unexpected and unique finding. Such a trans1t10n was not 
observed by us thus far in 2-h recordings obtained from 24 near term low-risk 
fetuses, and 1 1  near term fetuses of type-1-diabetic women. Neither Nijhuis et al. 
[4], nor van Vliet et al. [10,11 ] , who made altogether 43 2-h recordings of near term 
low-risk fetuses and 17 2-h recordings of growth retarded fetuses, ever observed a 
transi tion from State l F  into State 4F. As far as we know, changes of fetal heart 
rate pattern A to D were only shown for an experiment with vibratory acoustic 
stimulation [5] .  
In summary, in this fetus there was evidence for disturbed fetal behavioural state 
cycling, probably due to maternal alcohol consumption. The observed discrepancies 
from prenatal to postnatal life included spontaneous awakenings in utero (after 
State lF) which were not observed post partum, and an extremely pronounced 
decrease in mean FHR, accompanied by severe sinus arrhythmia. The appearance of 
an unusual heart rate pattern in the neonatal period, instead of the expected 
continuity [12], suggests the effect of perinatally active factors rather than specific 
alcohol induced effects. On the other hand, judging from the improved liver 
functions, alcohol intake may have been arrested during hospitalization, and a 
possible withdrawal effect might have occurred already in utero. 
References 
Chernick, V. ,  Childiaeva, R. and Ioffe, S. ( 1 983 ) :  Effect� of maternal alcohol intake and smoking on 
neonatal electroencephalogram and anthropometric measurements. Am. J .  Obstet. Gynecol . ,  146, 
41 -47. 
2 Havlicek, V., Childiaeva, R.  and Chernick, V.  ( 1977 ) :  EEG frequency spectrum characteristics of 
sleep states in infants of alcoholic mothers. Neuropadiatrie, 8, 360-373.  
3 Jones, K.L. ,  Smith, D.W., Ulleland, C.N. and Streissguth, A.P.  ( 1 973 ) :  Pattern of malformation in 
offspring of chronic alcoholic mothers. Lancet, 1 ,  1267-1271 .  
4 Nijhuis, J .G . ,  Martin, C .B . ,  J r .  and Prechtl, H.F.R. ( 1982) :  Behavioural states of  the human fetus. In :  
Continui ty of Neural Functions from Prenatal to  Postnatal l i fe. Clinics in Developmental Medicine, 
No. 94, pp. 65- 78. Edi tor: H .F.R.  Prechtl. Blackwell Scientific Publications Ltd . ,  London. 
5 Ohel, G., Birkenfeld, A., Rabinowitz, R. and Sadovsky, E. ( 1986) : Fetal response to vibratory acoustic 
stimulation in periods of low heart rate reactivity and low activi ty. Am. J. Obstet. Gynecol . ,  1 54, 
619-621 .  
6 Prechtl, H .F .R .  ( 1974) : The behavioural states in the newborn infant (a review). Brain Res . ,  76, 
1 85-212.  
7 Reuwer, P .J .H.M.,  Bruinse, H.W.,  Stoutenbeek, P. and Haspels, A.A. ( 1 984) : Doppler assessment of 
the fetoplacental circulation in normal and growth-retarded fetuses. Eur. J .  Obstet. Gynecol. Reprod. 
Biol . ,  18, 199-205. 
8 Rosell, H.L., Snyder, P.A., Sander, L.W., Lee, A., Cook, P. ,  Weiner, L. and Gould, J.B. ( 1979) : 
Effects of maternal drinking on neonate state regulation. Dev. Med. Child. Neurol., 21 ,  464-473 .  
9 Sander, L .W. ,  Snyder, P.A., Rosett, H.L. ,  Lee, A., Gould, J .B.  and Ouellette, E.M. ( 1 977) : Effects of  
alcohol intake during pregnancy on newborn state regulation : a progress report. Alcoholism: Clin. 
Exp. Res. ,  1, 233-241 . 
10 Van Vliet, M.A.T. , Martin, C.B . ,  Jr., Nijhuis, J.G. and Prechtl, H.F .R.  ( 1 985) : Behavioural states in 
the fetuses of nulliparous women. Early Hum. Dev., 12, 121-135 .  
1 1  Van Vliet, M.A.T. , Martin, C .B . ,  J r . ,  Nijhuis, J .G .  and Prechtl, H .F.R.  ( 1 985 ) :  Behavioural states in 
growth-retarded fetuses. Early Hum. Dev. ,  1 2, 1 83-197. 
1 2  Visser, G.H.A., Carse, E.A., Goodman, J .D.S .  and Johnson, P. ( 1 982) : A comparison of episodic heart 
rate patterns in the fetus and newborn. Br. J. Obstet. Gynecol., 89, 50-55 .  1 96 
Chapter 1 5  
Concluding Remarks 
Reviewing the effect of various external stimuli on fetal behaviour, Timor-Tritsch 
[ 1 2] concluded that "an adequate stimulus in the normal, physiological range 
produces little or almost no effect in state I F  and does not change this state, whereas 
an inadequate stimulus which is strong (and probably nociceptive) is capable of 
producing a change from state I F  into another state". 
The results of the first three reports in this section support the view that behav­
ioural state organization in the human fetus is not easily influenced by maternal or 
environmental factors. Hitherto, it has been found that in normal pregnancy, state I F  
(defined according to Nijhuis et al. [6] or by a flat heart rate tracing only) is not 
influenced by Braxton Hicks' contractions (Chapter I 1 )  and uterine contractions 
during labour [ 4,9], nor by induced maternal emotions (Chapter 1 2) ,  shaking the 
maternal abdomen [ 1 0 , 1 3] and transabdominal sound stimulation [ 1 1 ]. These 
findings are in line with the fact that it is difficult to wake up a newborn infant when 
in state 1 [8] .  However, state IF can be disturbed by vibro-acoustic stimulation with 
an artificial electronic larynx applied directly to the maternal abdomen (Chapter 1 3) .  
This stimulus induced excessive fetal movements, prolonged tachycardia, non­
physiological state transitions and disorganization of the behavioural states. The 
application of that device must therefore be considered inappropriate and may even 
be harmful. In the case of a ("non-reactive") fetal heart rate pattern it is therefore 
better to extend the recording time than to try to "wake" the fetus. 
State transitions from state 2F into state I F  induced by prolonged uterine contrac­
tions (> 5 min) in the presence of heart rate deceleration, have occasionally been 
observed in the human fetus (Chapter 1 1  ) .  These transitions may have been induced 
by fetal hypoxaemia (heart rate deceleration) ,  a phenomenon also described in fetal 
sheep. 
Abnormal state cycling, with unique but properly synchronized transitions from 
state I F  into state 4F, was observed in one case of chronic alcohol intake by the 
expectant mother (Chapter 1 4) .  Whether an occasional consumption containing alco­
hol has any effect on the organization of fetal behavioural states is unknown to date. 
Some chemicals are known to affect behavioural states in the normal human fetus. 
The administration of triamcinolone or naloxone to the mother, changes state 1 F into 
states 2F and 4F [ 1,2]. Disorganized fetal and neonatal behavioural states have been 
described after in utero exposure to cocaine [5]. In contrast, nicotine [7] and mater­
nal anti-epileptic medication [3] have no demonstrable effect on fetal state regula­
tion. 
The studies described in this section of the thesis clearly demonstrate the feasibili­
ty of neurobehavioural studies in near-term pregnancies. These studies are time­
consuming and require proper knowledge of movement and heart rate patterns. How­
ever, when executed adequately, clear answers can be obtained. 
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Being able to study the integrity of fetal behavioural states may be considered as an 
important new tool in the identification of disturbances in the development of the 
fetal central nervous system and in testing behavioural teratogenicity in the human. 
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Sam en vatting 
Bewegingen van embryo en foetus ("foetale bewegingen") zijn uitingen van 
activiteit van het zenuwstelsel. Met behulp van ultrageluid kunnen ze waargenomen 
en vervolgens geclassificeerd en gekwantificeerd worden. Foetale bewegingen zijn 
al vroeg in de zwangerschap waarneembaar en vertonen grote overeenkomst met de 
bewegingen van de pasgeborene. Ze geven dan ook informatie over de integriteit van 
het zenuwstelsel. Dit geldt ook voor de gedragstoestanden ("slaap-en waakcycli") 
die zich in het derde trimester van de zwangerschap ontwikkelen en die gekenmerkt 
worden door specifieke combinaties van foetale oogbewegingen, algemene 
lichaamsbewegingen en hartactiepatronen. 
Dit proefschrift bestrijkt het gebied van de prenatale humane gedragsteratologie. 
Dit is een nog nagenoeg onontgonnen onderdeel van de ontwikkelingsbiologie dat 
zich bezighoudt met het effect van externe factoren op de functionele ontwikkeling 
van het foetale zenuwstelsel . 
Sectie I betreft onderzoek bij embryo's en foetussen van vrouwen met insuline­
afhankelijke (= type-I) diabetes mellitus. Omdat bij deze foetussen een groot aantal 
structurele en functionele ontwikkelingsstoornissen optreedt, is het "milieu" waarin 
conceptie, differentiatie en groei plaatsvinden kennelijk teratogeen. Het in dit 
proefschrift beschreven onderzoek vond plaats bij 30 vrouwen met type-I diabetes 
bij wie de bloedsuikerspiegel in het algemeen goed gereguleerd was middels behan­
deling met een insuline-infusiepompje. Onderzocht werd: 
1. of type-I diabetes leidde tot een vertraging in de vroege embryogenese en de foe­
tale ontwikkeling; 
2. of zich een vertraging c.q. verstoring in de vroege functionele ontwikkeling van 
het zenuwstelsel voordoet en zo ja, of dit een specifieke vertraging betreft dan 
wel een verschijnsel dat gecorreleerd is aan een eventueel achterblijven in struc­
turele ontwikkeling; 
3. of het ontstaan van foetale gedragstoestanden in het derde trimester van de 
zwangerschap verstoord is en of dit in de gedragstoestanden van de pasgeborene 
is terug te vinden; 
4. of eventuele verstoringen in de embryonale en foetale ontwikkeling gerelateerd 
zijn aan de kwaliteit van de regulatie van de moederlijke bloedsuikerspiegel; 
5. of bij type-I diabetes een specifieke factor met een teratogene werking gei'den-
tificeerd kan worden; hiertoe werden ratte-embryo 's in vitro gekweekt. 
Sectie II betreft onderzoek waarin het effect van externe factoren als zwanger­
schapscontracties, moederlijke emoties en via de moederlijke buikwand toegediende 
geluiden en vibraties op de organisatie van foetale gedragstoestanden bestudeerd 
werd. Ook wordt het effect van langdurige blootstelling aan alcohol tijdens de 
zwangerschap op foetale en neonatale gedragstoestanden beschreven (case report). 1 99 
Sectie I 
Wordt een zwangerschap gecompliceerd door type- 1 diabetes, dan treden vaak 
structurele en functionele ontwikkelingsstoornissen van het embryo en de foetus op. 
De op dit onderwerp betrekking hebbende literatuur wordt besproken in Hoofdstuk 
I. Weinig bleek bekend te zijn over de prenatale neurologische ontwikkeling van de 
foetus. De functionele ontwikkeling van het foetale zenuwstelsel tijdens de onge­
compliceerde zwangerschap, daarentegen, is uitgebreid beschreven. Deze beschrij­
ving is gebaseerd op gedragsobservaties van de foetus op verschillende momenten 
van zijn ontwikkeling. 
In dit onderzoek werden individuele foetussen in de tijd gevolgd door middel van 
frequent herhaalde echoscopische observaties. Individuele groeipatronen werden 
vastgesteld en tevens werd de functionele ontwikkeling van het centrale zenuwstel­
sel vanaf de zevende zwangerschapsweek tot en met de eerste week na de geboorte 
onderzocht. Hiertoe werden het ontstaan en de verdere ontwikkeling van 1 5  verschil­
lende foetale bewegingspatronen, waaronder grote lichaamsbewegingen, adembe­
wegingen en hikken, bestudeerd in het eerste trimester, alsmede de ontwikkeling van 
foetale gedragstoestanden in het derde trimester van de zwangerschap. De structu­
rele en functionele ontwikkeling van de foetus werden gerelateerd aan de kwaliteit 
van de bloedsuikerregulatie van de vrouwen met type- I diabetes. De gegevens 
werden vergeleken met die verkregen uit onderzoek gedaan tijdens ongecompliceer­
de zwangerschappen. 
Om na te gaan welke diabetes-gerelateerde factor(en) verantwoordelijk is (zijn) voor 
de inductie van aangeboren afwijkingen, werden intacte ratte-embryo's gekweekt in 
onverdund serum van al dan niet zwangere diabetes-patienten en controle personen. 
De embryo's werden hierbij blootgesteld aan een "totaal milieu" met concentraties 
van stoffen en metabolieten die onder (patho-) fysiologische omstandigheden voor­
komen in het serum van de mens. Deze studie heeft niet geleid tot identificatie van 
een factor of concentratie met teratogene werking (Hoofdstuk 2). 
Embryo 's en foetus sen van vrouwen met type- I diabetes bij wie de bloedsuiker­
spiegel redelijk tot goed gereguleerd was, bleken tussen 7 en 1 4  weken zwanger­
schapsduur vaak een kleinere kruin-stuitlengte te hebben dan controle-foetussen. 
Deze zogenaamde vroege groei-achterstand ontstaat kennelijk reeds v66r de zevende 
week van de zwangerschap en was in het algemeen groter naarmate de kwaliteit van 
de diabetes-regulatie rond de conceptie slechter was. Inhaalgroei (gemeten aan de 
diameter van het foetale hoofd) vond plaats in het tweede trimester en dit geldt ook 
deels voor het optreden van excessieve groei: het groeipatroon van enkele van de 
foetus sen die later met een overgewicht (macrosomie) geboren werden, liet zien dat 
excessieve groei reeds vanaf 20 weken zwangerschapsduur op kan treden (Hoofd­
stuk 3). 
Diabetes vertraagde het optreden van de meeste embryonale en foetale bewegings­
patronen met een a twee weken. Deze vertraagde functionele ontwikkeling van het 
zenuwstelsel loopt niet volledig parallel aan de achterstand in vroege groei. Dit 
suggereert dat een diabetes-gerelateerde factor een specifieke invloed uitoefent op 
de vroege ontwikkeling van het embryonale/foetale zenuwstelsel. Adembewegingen 
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treden bij embryo's van vrouwen met diabetes echter eerder op; dit is des te opmer­
kelijker wanneer men de in het algemeen geringere grootte van deze embryo's in 
aanmerking neemt (Hoofdstuk 4 ). 
Tijdens de verdere ontwikkeling in het eerste trimester werden bij foetussen van 
vrouwen met diabetes de verschillende bewegingspatronen in een zelfde incidentie 
door het zenuwstelsel gegenereerd als bij controle-foetussen. Uitzondering echter 
waren de adembewegingen. De incidentie (het aantal per uur) van dit bewegings­
patroon was bij de foetussen van diabetische vrouwen aanmerkelijk hoger, terwijl, 
als gevolg van langere intervallen tussen twee opeenvolgende adembewegingen, de 
frequentie lager was dan in normale zwangerschappen. Adembewegingen kosten 
veel energie. De hoge incidentie van deze bewegingen zou dan ook een foetale 
aanpassing kunnen zijn, met als doel de te grote hoeveelheid glucose (en mogelijke 
andere substraten) weg te werken teneinde de ontwikkeling van macrosomie (tot een 
bepaald niveau) tegen te gaan (Hoofdstuk 5) .  
In het derde trimester van de zwangerschap verliep de ontwikkeling van foetale 
gedragstoestanden (slaap- en waakcycli) vertraagd. Vlak. voor de bevalling en ook 
een week na de geboorte was er een geringe samenhang tussen de drie variabelen die 
gezamenlijk de gedragstoestanden bepalen, te weten de oogbewegingen, de 
lichaamsbewegingen en het hartactiepatroon. De normale synchroniciteit van de 
overgangen van de ene naar de andere gedragstoestand bleek veelvuldig afwezig. Dit 
wijst op een verstoorde ontwikkeling en/of vertraagde maturatie van het centrale 
zenuwstelsel (Hoofdstukken 6 en 7). De gedragstoestanden waren het slechtst 
georganiseerd bij die foetussen die tijdens de vroege zwangerschap groei­
achterstand vertoonden. Dit duidt op een effect van een vroege ontwikkelings­
stoornis op de latere functionele ontwikkeling (Hoofdstuk 8). Gedurende het hele 
derde trimester vertoonden de foetussen van vrouwen met diabetes kortere rust- en 
langere activiteitsfasen; dit was het meest uitgesproken bij foetussen die bij geboorte 
overgewicht hadden. Foetale adembewegingen kwamen ook in het derde trimester in 
een groter aantal voor, terwijl de frequentie lager was. Gedurende de gehele 
zwangerschap is er dus een effect van diabetes op dit bewegingspatroon. 
Bij de pasgeborenen was de organisatie van de gedragstoestanden slecht, de inciden­
tie van periodieke ademhaling hoog en kwamen veelvuldig immature EEG-patronen 
voor. Ook deze fenomenen wijzen op een vertraagde ontwikkeling van het zenuw­
stelsel die vermoedelijk het gevolg is van langdurige blootstelling aan het niet 
optimale, intra-uteriene milieu van een vrouw met type- 1 diabetes (Hoofdstuk 7) .  
Follow-up onderzoek heeft overigens uitgewezen dat de latere ontwikkeling van 
deze kinderen in het algemeen goed is. Kinderen met een groei-achterstand vroeg in 
de embryonale ontwikkeling of met overgewicht bij de geboorte, hebben echter een 
verhoogde kans op latere ontwikkelingsstoornissen (Hoofdstuk 9). 
Geconcludeerd wordt dat de zwangerschap van vrouwen met type-1 diabetes 
geassocieerd is met verschillende embryonale en foetale ontwikkelingsstoornissen 
(zowel structureel als functioneel). Deze kunnen ook optreden wanneer de bloed­
suikerspiegel reeds v66r de conceptie goed gereguleerd is en gehandhaafd blijft 
gedurende de gehele zwangerschap (Hoofdstuk 9) . Diabetes-controle betreft der­
halve meer dan alleen een goede regulatie van de bloedsuikerspiegel. 
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Sectie II 
De drie experimenten die in sectie II beschreven worden, laten zien dat de gedrags­
toestanden van normale a terme foetussen goed georganiseerd en over langere tijd 
stabiel zijn. Ze worden nauwelijks door moederlijke factoren (baarmoeder contrac­
ties; emoties) en factoren uit de omgeving (sterke geluiden) be'invloed, c.q. verstoord 
(Hoofdstukken 11-13). Dit geldt overigens slechts zolang de stimulus binnen het 
normale, fysiologische bereik wordt toegediend (Hoofdstuk 15). Vibro-acoustische 
stimulatie met een electrolarynx daarentegen induceert aanzienlijke veranderingen 
in de foetale gedragstoestanden, excessieve foetale bewegingen en een langdurige 
tachycardie. Deze vorm van stimulatie wordt in Angelsaksische landen (USA, Enge­
land, Canada) veelvuldig toegepast om de conditie van de foetus te bepalen. Wij 
vinden echter dat gebruik van deze test ontraden moet worden (Hoofdstuk 13). 
In bet laatste hoofdstuk (Hoofdstuk 14) wordt een casus gepresenteerd waaruit blijkt 
dat langdurig en excessief alcoholgebruik tijdens de zwangerschap leidt tot ver­
storing van de organisatie van foetale gedragstoestanden. 
Dit proefschrift houdt zich bezig met de prenatale humane gedragsteratologie. Het 
illustreert mogelijkheden van onderzoek naar de functionele ontwikkeling van bet 
foetale zenuwstelsel bij de mens en naar effecten van externe factoren op deze ont­
wikkeling. 202 
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